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ABSTRACT 
The process of economic development comprises a complex set of interrelationships 
between a large number of state and flow variables, some of which are controllable by 
public planners. This thesis analyses the relationships between such state and flow 
variables associated with economic development, environment and health.  
 
Firstly, the thesis constructs and explores the conceptual framework comprising a two-
period optimisation model. The model takes into account the control variables such as 
emissions, investments in technology, environment and health. The model assumes that 
a representative agent can maximise the agent’s expected utility by choosing optimal 
emissions and investments at the present and the future periods that depend on the 
agent’s consumption, health and the state of the environment. The general model is too 
complex to derive precise theoretical conclusions. Therefore, the thesis discusses a 
‘business-as-usual’ model in which the representative agent does not invest in 
technology, environment and health and only generates pollution during the production 
process. Before deriving the precise theoretical predictions and testable hypotheses of 
interplay between production, emissions and health, the thesis discusses the ‘business-
as-usual’ model by using a Cobb-Douglas specification of production function. 
 
The thesis then empirically examines: (1) variations in the interrelated factors 
emphasized in the conceptual framework as measures of development. The factors are 
income, emissions, health services (number of patient beds as proxy) and population 
health (number of patient beds and tuberculosis prevalence as proxy) between and 
within regions in Vietnam; and (2) the hypotheses of simultaneous relationships 
between output, emissions and health in the case of Vietnam. 
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 The Theil index analysis was adopted for the first problem and the result shows that: 
(1) the regions of highest income, such as the South East and the Red River Delta, have 
made the largest contribution to within-region and national inequalities in emissions; (2) 
high emission regions, such as the Mekong River Delta, made a large contribution to 
between-region health inequality; (3) high emission regions, such as North Midlands 
and Mountain, have had large contribution to within-region and national inequalities in 
population health; and (4) The aggregate contribution of inequality within regions to the 
national inequality in income, emissions and health has been larger than the contribution 
of the inequality between regions. 
 
For the second problem Generalized Method of Moments (GMM) was adopted and the 
results show: (1) a significant positive effect of output on emissions; (2) a significant 
positive relationship between emissions and population health in the Mekong River 
Delta region; (3) significant positive impacts of population health and foreign direct 
investment on output; and (4) significant positive effect of foreign direct investment on 
emissions in the country and in the North Central and Central Coast regions where 
records of the environmental disasters caused by foreign direct investment projects are 
available. 
 
Findings have policy implications for health, education, pollution and investment 
related issues for Vietnam. A major limitation of this study is the lack of available 
provincial data about environmental pollutants in Vietnam; however, estimated carbon 
dioxide emissions allowed some empirical results to be obtained.  
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CHAPTER ONE- INTRODUCTION 
 
1.1. Background of the Study 
 
In the context of economic development, the interplay between output, environment and 
health is complex. The deterioration of the environment in the process of economic 
growth has had direct negative impacts on the quality of health and human life; and is 
even a threat to the survival of mankind. Theoretical and empirical studies of the impact 
of economic growth on the environment recognise that economic growth and the state 
of the environment are significantly related (Grossman & Krueger 1991; Panayotou 
1993; López 1994; Grossman & Krueger 1995; Selden & Song 1995; McConnell 1997; 
Borhan et al. 2012).  
 
Al-Mulali et al. (2015) found a positive GDP-environmental pollution relationship in 
both the short and long term in Vietnam. In terms of the environment-human health 
relationship, the existing studies have found health effects of extreme weather (White-
Newsome et al. 2012; Xiang et al. 2014) and infectious disease threats of the 
environment (Thorpe et al. 2004; Hondula et al. 2012; Willis et al. 2012; Luo et al. 
2014; Onozuka & Hagihara 2015).  
 
Regarding the human health and economic growth association, endogenous economic 
growth models show the importance of human capital in economic growth  (Lucas Jr 
1988; Barro 1991). The empirical studies also point to the positive impact of health and 
human capital on economic growth (Lucas Jr 1988; Barro 1991; Dinda et al. 2006; 
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Bloom et al. 2010). A few studies have found links between income (Gangadharan & 
Valenzuela 2001) or GDP (Nagar et al. 2008), and health and the environment. 
 
 Therefore, both theoretical and empirical literature shows there is inadequate 
integrative analysis of economic development and the states of the environment, health 
services and population health. In particular, there have been no empirical studies of 
interrelationships between output, environment, health services and population health in 
the special context of Vietnam. This thesis fills this research gap. The thesis commences 
with an exploration of a two-period stochastic dynamic economic model and derives 
theoretical prediction of emissions and initial conditions of the environment and health 
and testable hypotheses of the relationships between production, emissions and health. 
The thesis then examines the hypotheses in the special case of Vietnam. 
 
Dynamic economic models with optimizing agents have become standard tools for policy 
design and evaluation in governments over the world. Such models are increasingly applied 
as the main reference for forecasting purposes. Following the dynamic economic model, 
this thesis firstly constructs a conceptual framework comprising a two-period dynamic 
economic model that considers a representative agent living in the present and the future 
periods. Because of health and environmental degradation, there is uncertainty about 
this agent’s survival beyond the present period. The representative agent may be alive in 
the future period depending on the states of the environment and the health of the agent 
at the end of the present period. Based on the constructed model, a theoretical prediction 
of the relationship between emissions and the initial states of environment and health is 
derived; and testable hypotheses of the relationships between production, emissions and 
health are listed.  
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The thesis then describes an empirical analysis of the variations of the interrelated 
factors of development emphasised in the conceptual framework, shaping development 
between and within regions in Vietnam. The interrelated factors are income, emissions 
and health. Based on the theoretical derivations, the thesis examines the hypotheses of 
simultaneous relationships between output, emissions and health in the special context 
of Vietnam as a case study. 
 
Vietnam introduced economic reforms in 1986. Since then, Vietnam has accelerated the 
reforms and experienced continuous rapid economic growth and significant economic 
structural changes. Vietnam has transformed itself from a centrally planned economy to 
a socialist market economy with the high annual GDP growth of 7.3% between 1990 
and 2010 and a fivefold per capita income increase (World Bank 2012).  
 
Although Vietnam’s economy was influenced by the global crisis in 2008-2009, in 
recent years GDP growth has reached approximately 6%. GDP increased by 6.21% in 
2016 (GSO 2016). Of which the agriculture, forestry and fishing sectors went up by 
1.36%. This figure has been the lowest rate since 2011 due to the effect of marine 
environmental disasters and extreme weather. For example, recently, polluted lakes, 
seas and rivers in Vietnam caused environmental disasters such as fish death along the 
south-central coast
1
, and in West Lake in Ha Noi
2
, and polluted the Thi Vai River in 
Dong Nai province
3
. The disasters affected sea natural resources, the livelihoods and 
residents living in these regions. Toxic discharge from the Taiwanese steel plant, 
                                                 
1
 See more in https://www.theguardian.com/environment/2016/jul/01/vietnam-blames-toxic-waste-water-
fom-steel-plant-for-mass-fish-deaths. Last viewed 19 September 2016. 
2
 See more in  http://e.vnexpress.net/news/news/rotting-fish-cast-stench-over-hanoi-lake-3477443.html. 
Last viewed 19 September 2016. 
3
 See more in http://www.abc.net.au/news/2010-08-12/firm-pays-up-after-pollution-destroyed-
river/942224?pfmredir=sm. Last viewed 19 September 2016. 
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Formosa, one of the largest foreign investment companies in Vietnam caused about 70 
tonnes of dead fish along more than 200km of Vietnam’s central coastline in April 
2016; especially seriously affected the sea environment, production and jobs of 
fishermen in Ha Tinh, Quang Binh, Quang Tri and Thua Thien Hue provinces (The 
Guardian 2016). Waste and sewage discharged by household and businesses caused a 
large number of tench and tilapia dead in the West Lake in Ha Noi (Vnexpress 2016). 
Wastewater discharged by Vedan Vietnam into the Thi Vai river killed the river system 
that affected thousands of fish and shrim farmers along the river’s bank. (Bo Hill 2010). 
 
 In addition to environmental disasters, Vietnam has had an increase in per capita 
carbon dioxide emission since economic reform (World Bank 2016). According to Yale 
University (2012), Vietnam has been one of the ten countries with the worst air 
pollution of 132 countries and has had 122,500 deaths per year caused by environmental 
pollution in general (WHO 2009). Air pollution parameters in most urban areas in 
Vietnam exceed permitted standards of the World Health Organization (UNIDO 2012). 
Industrial activities, transportation and other civil industries mainly cause 
environmental pollution (CIEM 2010). Vietnam’s economic growth has been associated 
with pollution and environmental degradation that influenced the livelihoods and residents 
living in the affected regions. Therefore, Vietnam is chosen as an empirical case in 
thesis. 
 
1.2. Objective and Methodology 
 
This thesis has the following main objectives. The first objective is to derive the 
theoretical prediction of the relationship between emissions and the initial states of the 
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environment and health and to list the testable hypotheses of the interplay between 
production, emissions and health. The second objective is to examine empirically: (1) 
variations of the interrelated factors of development (income, emissions and health) 
between and within regions in Vietnam, emphasised in the conceptual framework; (2) 
the hypotheses of simultaneous relationships between output, emissions and health in 
Vietnam.  
 
The aim of estimating the variations is to find: (1) which region has had a large 
contribution to between-region inequality, within-region inequality and national 
inequality in emissions and health; and (2) the trends of between-region and within-
region inequality in income, emissions, health services and population health.  
 
The following hypotheses are tested: (1) increased output increases emissions; (2) lower 
emissions lead to better population health; (3) better population health has a positive 
effect on output; and (4) health services have a positive impact on population health (see 
Figure 1.1 showing the framework of study). 
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Figure 1.1- The Framework of Study 
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Theoretical prediction of a relationship between the states of the environment and 
health, and emissions 
- Method 1: Exploration of a two-period stochastic dynamic economic model 
with uncertain life-expectancy, a ‘business-as-usual’ model, and Cobb-
Douglas specification case. 
This thesis describes a two-period dynamic economic model for deriving theoretical 
prediction of a relationship between the states of the environment and health, and 
emissions. This model deals with the problem of utility maximization in consumption 
and investments in environment, technology, and health. 
 
Starting with a general problem, a two-period dynamic model is constructed that takes 
into account emissions, and investments in technology, health and the environment. As 
for a function U of the lifetime utility of the representative agent, the thesis defines a 
binominal distribution function with additively separable periodical utilities. The study 
assumes a representative agent of a region who lives for two periods (the present period 
and the future period). As a result of worse health status and/or environmental 
degradation there is uncertainty about this agent’s survival beyond the present period. 
The representative agent may be alive in the future period depending on the state of the 
agent’s health and the environment at the end of the present period. Therefore, the 
agent’s lifetime utility is random and is taken to be binomially distributed with 
additively separable periodical utilities. However, the findings of the first-order and the 
second-order conditions for maximizing the utility are complicated because of a 
complexity of the general model. Therefore, the “business-as-usual” model in which the 
representative agent generates emissions during the production process but does not 
invest in technology, health and environment is discussed. Finally, by applying Cobb-
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Douglas specification in the “business-as-usual” model, the theoretical prediction of   
relationship between emissions and the initial conditions of the environment and health 
is derived. 
 
Variations in the interrelated factors of development (income, emissions and health) 
between and within regions in Vietnam 
-Method 2: Theil entropy index and its decomposition 
The Theil entropy index is used to compute the variations of the interrelated factors of 
development emphasised in the conceptual framework. This index computes variations 
in income, emissions and health between and within regions in Vietnam. The Theil 
entropy index is a statistic to studies of economic inequality because of its empirically 
useful decomposition (Foster 1983). It is a complete decomposition of the overall level 
of the inequality (for example, income inequality (Atkinson 1970; Foster 1983; Clarke-
Sather et al. 2011), and emission inequality (Levy et al. 2010)) within the sub-regions of 
the population, the within-region contribution, and the between-region contribution. 
 
For the Theil index estimation, the regional and provincial data of annual income per 
capita (from the Vietnam household living standard surveys in 2002, 2004, 2006, 2008, 
and 2010), the data of number of patient beds and tuberculosis prevalence at the 
provincial level (from the annual statistics handbooks published by the General Statistic 
Office of Vietnam), and an estimate of carbon dioxide equivalent emissions was used. 
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Simultaneous relationships between output, emissions and health in Vietnam 
-Method 3: Simultaneous Equations System Analysis 
To test the derived theoretical prediction, the simultaneous relationships between 
output, emissions, health services and population health in Vietnam were investigated. 
A two-stage least square technique (2SLS) and the two-step system-dynamic 
generalized method of moments (GMM) were employed. Both methods were adapted to 
our empirical analysis. The 2SLS method is the most popular used for estimating the  
simultaneous equations models that are over-identified (Shen 2006, p. 388). The GMM 
method introduced by Hansen (1982) is adapted to the short-time and large-dimension 
data. Regarding variables in the simultaneous equations system, three endogenous 
variables and four exogenous variables are taken into account. The endogenous 
variables include real per capita GDP, per capita carbon dioxide equivalent emissions, 
and number of tuberculosis cases per thousand people. Number of patient beds, number 
of graduate students, FDI, and population size are exogenous variables. 
 
This study uses the secondary data and the researcher’s calculation of the provincial 
data of carbon dioxide equivalent emissions. The secondary statistical provincial data of 
per capita GDP, prevalence of tuberculosis, graduate enrolment, FDI, number of patient 
beds and population size in Vietnam are mainly drawn from GSO’s annual statistic 
books. The provincial data of carbon dioxide equivalent emissions from the agricultural 
sector is estimated following the IPCC manual guidelines, and for the non-agricultural 
sector is based on per capita carbon dioxide emissions stemming from the burning of 
fossil fuels and the manufacture of cement obtained from the World Bank database. 
1.3. Structure of the Thesis 
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This thesis is divided into seven chapters. The second chapter is a literature review. It 
includes: (1) consideration of inequality issues of economic development and the state 
of the environment and of health, and (2) discussion of the theoretical and empirical 
studies of the environmental effect of economic growth, the health impact of the 
environment, and the effect of health on economic growth. 
 
Chapter Three presents the conceptual framework underlying the inquiry of economic 
growth, environment and health. This chapter explores a two-period dynamic economic 
model as a general plan. Then, a ‘business-as-usual’ model and the Cobb-Douglas 
specification case are discussed to derive theoretical prediction of the effect of initial 
conditions of the environment and health on emissions and testable hypotheses of 
relationships between production, emissions and health. 
 
Chapter Four gives an overview of Vietnam’s economic development, environment and 
health. 
 
In Chapter Five the Theil entropy index is used to test variations of the interrelated 
factors emphasized in the conceptual framework as measures of development between 
and within regions in Vietnam. The interrelated factors are income, emissions, and 
health.  
 
Chapter Six tests the hypotheses of simultaneous relationships between output, 
emissions and health in Vietnam.  
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Chapter Seven presents a summary of major findings, considers policy implications for 
Vietnam, and concludes with limitations and recommendations for future studies. 
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CHAPTER TWO-LITERATURE REVIEW 
 
2.1. Introduction 
 
Since the industrial revolution, the world has gained remarkable socio-economic 
achievements. Over the past 50 years, the world economy has grown significantly 
except during the Global Financial Crisis around the end of the first decade of the 21
st
 
century. The world’s per capita annual real GDP growth has averaged 3.27% (World 
Bank 2016). Notwithstanding the economic growth, inequality issues, pollution and 
environmental degradation by the pressure of human activities on the natural 
environment have raised concerns for the future suitability for human life.  
 
The first question is whether inequality interrelated with factors of development such as 
income, environment and health will increase over time. These issues have been 
measured and investigated for decades. According to Oxfam’s report (2015), the poorest 
half of the world population account for only about 10% of global emissions yet live 
overwhelmingly in the countries that are most vulnerable to climate change; whereas the 
richest 10% of the global population are responsible for about 50% of global emissions. 
The literature also shows that the issues of income inequality and emissions inequality 
across countries and in individual countries have attracted world-wide attention. In 
addition to inequalities in income and emissions, health inequality has been widespread, 
particularly in developing countries (Dabla-Norris et al. 2015, p. 16). 
 
The second question is whether the conflict between the exploitation of the natural 
resources and environmental issues will result in an uninhabitable planet. The question 
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has been argued since Thomas Robert Malthus’s first essay (written in 1798) on the 
principle of population as it effects the future improvement of society (Berck et al. 
2012). Similarly, the arguments about population growth and the natural resource 
limitation and the theories of ‘limits to growth’ and ‘industrialization’ were well 
documented in a paper by Boserup (1965).  
 
Since industrialisation and modernisation and because of other human activities, the 
global environment has come under greater pressure and harmful emissions, which is 
leading to serious global environmental problems and climate change. Climate change 
causes extinction and loss of species, desertification, ecosystem damage, and increased 
natural disasters. According to the fifth assessment report of the Intergovernmental 
Panel on Climate Change (IPCC) (2014), since industrial revolution the atmospheric 
GHG emitted from human activities and their accumulation in the atmosphere in 
increasing amounts is causing climate change. In turn, the change to the environment 
has effects on economic growth and human health. These effects have been addressed in 
the economic growth models and empirical studies. It is found that the world faces 
serious impacts of climate change such as economic downturn (Dell et al. 2009; 2012). 
According to the CRED/OFDA International Disaster Database shows that climate 
change has adverse health effects.  
 
This chapter provides a review of the literature on aspects of development. These 
aspects include the inequalities in the interrelated factors of development such as 
economic growth, environment and health, and the relationships between these factors. 
Section 2.2 provides a review of the literature on inequalities in income, emissions and 
health. Section 2.3 reviews the literature on the relationships between economic growth, 
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the environment and health. Finally, section 2.4 concludes and presents lessons from the 
literature review. 
 
2.2. Inequality in Interrelated Variables of Development: Income, Environment 
and Human Health 
 
This section reviews the literature of inequalities in interrelated factors of economic 
development: income, environment and human health.  
 
Firstly, in terms of income inequality, Milanovic (2013, p. 12) found that between 1988 
and 2008 the largest gains were accrued for the global median income (between the 50
th
 
and 60
th
 percentile) earners and for the global top 1 percent. Milanovic suggested that 
this outcome coincides with rapid growth of the middle classes of various emerging 
market economies, and the domination of top earners of developed economies 
respectively. The Gini inequality index of income has increased considerably since 1990 
in most of the developed countries; whereas, it has remained constant in some emerging 
developing countries (IMF, 2005).  
 
Chen and Fu (2015) found a noticeable increase in the Gini coefficient over the period 
of 1990-2009 in China. China’s income inequality has reached very high levels since 
2005 because of the urban-rural gaps and regional disparities (Xie & Zhou 2014). 
Similarly, Wu and Rao (2017) found an upward trend of income inequality in China 
over the observed period of 1987-2010. They identified that urbanization was a main 
driver of this upward trend. 
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In terms of inequality studies in Vietnam, Le and Booth (2010) found that urban-rural 
expenditure disparity increased significantly between 1993 and 1998 and  peaked in 
2002 in Vietnam. Benjamin et al. (2017) addressed income inequality in Vietnam by 
using VHLSSs between 2002 and 2014. Their results show that rural income inequality 
rose relatively steadily, whereas national and urban income inequalities declined 
slightly. 
 
Income distribution matters for economic growth. The interaction between income 
inequality and economic growth causes one of the most renowned conflicts among the 
macroeconomic objectives. In 1955, Simon Kuznets published his paper on ‘economic 
growth and income inequality’. He suggests an inverted U-shaped curve for the income 
inequality-economic growth relationship. The income inverted U-shaped curve is 
characterizes an initial increase and a subsequent decrease in income inequality due to 
the industrialization process and progressive income taxes (see Figure 2.1). 
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Figure 2.1- The Income Inequality Kuznets Curve 
 
Note: Y
* 
indicates the turning point which signifies that at this income level income inequality begins to 
decrease  
Adapted from Kiatrungwilaikun and Suriya (2015, p. 160) and  Kuznets (1955) 
 
After the first publication of the income inequality Kuznets curve hypothesis, many 
empirical studies have attempted to investigate the Kuznets hypothesis. However, the 
outcomes are still controversial. Paukert (1973) used the data of  16 developed countries 
and 40 developing countries. Paukert’s results verified the inverted U-shaped 
relationship between the Gini coefficient and GDP per capita. Similarly, Ahluwalia’s 
study in 1976 showed strong support for the Kuznets hypothesis based on a sample of 
14 developed countries, 40 developing countries and 6 socialist countries.  
 
Some recent empirical studies also revealed strong support for the income inequality 
Kuznets curve hypothesis. Bhandari et al. (2010) incorporated economic and 
institutional variables into the empirical model and used a panel dataset of 57 countries 
between 1987 and 2006. Their findings provide strong support for the inverted U-shape 
of the income inequality Kuznets curve. Ridzuan et al. (2017) investigated both the 
Income inequality 
Per capita income Y
* 
Disparity decreases due to the industrialization process and 
progressive income taxes 
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short and long term influence of income inequality on carbon dioxide emissions in four 
Asian countries (Malaysia, Indonesia, Philippines and Thailand) over the period of 
1971-2013. They found positive correlations between income inequality and emissions 
in Indonesia and Thailand, and a negative relationship between them in Malaysia. 
 
The Kuznets hypothesis was rejected by several empirical researchers. For example, 
Bruno et al. (1996) argued that there was no trend to the inverted U-shaped curve 
following an analysis of the Gini coefficient dataset for 45 countries. Ram (1997) 
examined the Kuznets curve using a panel dataset of Gini index and real per capita GDP 
of 19 developed countries. According to Ram’s results, inequality does not decrease 
with an increase in per capita GDP. Kiatrungwilaikun and Suriya (2015) re-examined 
Kuznets’ income inequality hypothesis after the Millennium by compiling panel data 
from 2000 to 2012 of 91 countries. Their results show the relationship between GNI per 
capita and the Gini index is a U-shaped curve rather than an inverted U-shaped curve. 
They argue that this phenomenon is due to the emergence of the digital economy that 
attracts more skilful and advanced labour into the industrial sector and, consequently, 
income inequality increases again. 
 
Secondly, regarding disparity in carbon dioxide (CO2) emissions, previous studies have 
addressed CO2 emissions inequality at the international scale. They have applied some 
measures popularly used to investigate income inequality, including the Atkinson index, 
the Gini coefficient and the Theil index, to examine the global distribution of CO2 
emissions per capita. Hedenus and Azar (2005) used the well-known Atkinson index to 
measure CO2 emission inequality across countries between 1960 and the late 1990s. 
They claimed that although the absolute gap between the top and bottom quintile per 
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capita CO2 emissions increased, their relative gap decreased over time. List (1999) 
utilized the Gini coefficient to analyse nitrogen and sulphur dioxide inequality across 
US states from 1929 to 1994.  
 
Wodon and Heil (1997; 2000) used the environmental Gini coefficient to examine 
inequality in CO2 emissions across countries. Their first study took a historical 
perspective and measured the variation of per capita CO2 emissions across four country 
groups with respect to income level. They found that the between-group inequality is 
more vital than the within-group inequality to interpret the trend of the overall Gini 
coefficient from 1960 to 1990. Their second research of 2000 took a forward-looking 
perspective. They suggest that under business-as-usual projections to the year 2100 for 
135 countries, inequality in per capita CO2 emissions decreases gradually. 
 
The advantage of Theil’s inequality index is that it can analyse the within-group and 
between-group inequality components (Theil 1967; Foster 1983). Duro and Padilla 
(2006) used the decomposable Theil’s inequality index to discuss the factors behind 
inequalities in per capita CO2 emissions across countries; between-groups and within-
groups of countries. They claim that international CO2 inequalities are possibly broadly 
decomposable as the total of the individual Kaya factor indices (CO2 intensity of 
energy, energy intensity and per capita GDP). They also conclude that international 
emission inequality is largely because of income inequality across countries.  
 
Padilla and Serrano (2006) employed Theil’s inequality index to show the evolution of 
emission inequality across countries over the period of 1971-1999 and to decompose the 
change between and within groups of countries. Besides that, they addressed the 
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emission inequality’s relationship with income inequality. They concluded that 
inequality in emissions decreased over the studied period, but was higher than income 
inequality across countries. Moreover, they suggest that the inequality is explained 
mostly by the inequality between groups of countries ordered in increasing value of 
income per capita.  
 
Similarly, by using the decomposition formula of Theil’s  inequality index, the study of 
Levy et al. (2010) reveals a steady dominance of the carbon dioxide emission inequality 
between the income groups of countries over the inequality within these groups from 
1990 to 2004. They claim that as the population growth of poor countries is at a higher 
rate than that of rich countries, the emission inequality between the income groups of 
countries is expected to be exacerbated by a global uniform abatement rate of emissions. 
  
Thirdly, with regards to health inequality, studies have shown that inequality in health 
outcomes and healthcare service access has increased. A recent report of the 
International Monetary Fund (IMF) (2015, p. 16) provides the statistical evidence that 
health outcomes are broadly similar across income groups in developed countries, 
whereas large inequalities exist in emerging economies of developing countries. For 
instance, the average of infant mortality in the poor households was twice as high as in 
the rich households in developing countries throughout the period of 2010-2012. The 
rate of female mortality in lower-income groups also had a disproportionately higher 
trend. Nevertheless, even in developed countries, income disparity is increasingly being 
reflected in lower life expectancy (Dabla-Norris et al. 2015, p. 16).  
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A report of the European Commission (EC) (2013) on health inequalities in Europe 
confirmed significant health inequalities between and within the European Union (EU) 
Member States. The EC (2013, pp. 35-37) provided examples for Belgium, France and 
Hungary. In these countries, regional inequalities increased the infant mortality and life 
expectancy at ages 50 and 65.  
 
In addition to increasing inequality in health, disparity in healthcare service access tends 
to be widespread in various countries. The report of the IMF (2015, p. 16) shows the 
large inequalities in healthcare service access across income groups within developing 
countries. Morris et al. (2005) investigated disparities in the use of general practitioner 
consultations, outpatient visits, day cases and inpatient stays in England for the period 
1998-2000 and concluded that lower-income groups and ethnic minorities made less use 
of secondary health care over the observed period.  
 
2.3. Relationships between Economic Growth, Environment and Health 
 
2.3.1. Economic Growth and Environment 
 
2.3.1.1. Theoretical Literature 
 
The process of economic development requires large inputs from the environment to 
manufacture consumer products; in particular in the early development stages. The 
inputs include a variety of raw materials, air, water, energy and amenities (Tietenberg 
2004). Ultimately, the inputs can return to the environment as waste or dirty products 
such as air pollution, water pollution, waste heat and solid waste. Because of the 
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environment’s absorptive capacity, if the emissions are excessive, they accumulate in 
the environment over time and cause environmental degradation and climate change. 
Such environmental issues have been argued since 1798 by Thomas Robert Malthus. 
The literature on the environmental issues includes sustainable growth theories and 
findings following empirical investigation. 
 
The theory of sustainable development is one of the leading theories of growth and 
environmental degradation. This theory implies that negative environmental 
externalities like environmental pollution should be abated via technology. Sustainable 
development is emphasized in endogenous growth models that become essential support 
to theoretic developments. Potential engagements between economic growth and 
environmental quality are central to the sustainable development debate. A trade-off 
between economic growth and environmental quality is investigated by using the 
endogenous growth models. The endogenous growth models also allow the enlargement 
of the range of policy instruments. 
 
Reviewed here are the endogenous growth models composed of the models of learning-
by-doing, public expenditure and product innovation, and other literature on the 
relationship between economic development and environmental pollution. In the 
endogenous growth models based on learning-by-doing, economic growth is not linked 
to the environmental concerns (Faucheux 1996). It means that policies encourage 
growth in spite of having negative effects on the environment.  
 
Michel and Rotillon (1995), for example, integrate the environment into their 
endogenous growth model by assuming the pollution stock is in proportion to the 
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physical capital stock. They have chosen the engine of endogenous growth as the 
learning-by-doing effect. They argue that return the equilibrium to the optimum when 
economic growth is equal to zero, the suitable policy is to tax capita. In particular, the 
authors explain the effects of the pollution stock on the marginal consumption utility 
and debate that there exists a steady state with constant consumption and pollution (the 
optimum point) and equilibrium with positive economic growth and continuous 
environment degradation. In a similar model, it is claimed that the pollution level is 
always at a minimum and the rate of economic growth is not dependent of the intensity 
of concern by the consumers for the environment (Michel & Rotillon 1993 cited in 
Faucheux 1996). 
 
 The learning-by-doing growth models specify that the aim of economic development is 
to accelerate the growth rate with a negative impact on the environment. In contrast, 
public investments in the environment play a crucial role in the public expenditures 
model. By implementing the endogenous growth model of Barro (1990), that 
government spending is added in the model and environmental indicators are considered 
as variables affecting the consumer, it has been argued that the growth rate and 
environmental quality are influenced by public expenditures and environmental 
expenditures that are financed by income tax (Van Marrewijk et al 1993 cited in 
Faucheux 1996). Greiner (2005) added environmental pollution and public 
infrastructural expenditure into the endogenous growth model in order to analyse a 
growth model where pollution impacts on a household’s utility. 
  
The model suggested by Economides and Philippopoulos (2008) shows that in the long 
term, not only is there no trade-off between economic growth and environmental 
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degradation, but economic growth would improve environmental quality if government 
financed public infrastructure and environment clean-up policies with taxes. In brief, 
public expenditures-based endogenous models highlight that environmental investment 
and public expenditure financed by taxes influence economic growth rate and 
environmental quality. 
  
The product innovation model relies on the production process and final goods 
innovations. These innovations involve research and development (R&D) activity. 
Production process innovation concerns inputs of production such as intermediate 
inputs and natural resources. Hung et al. (1994) add two types of products, namely 
‘clean’ product and ‘dirty’ product into the model of Romer (1990).  Hung’s model 
shows that in the case of a ‘clean’ equilibrium, economic growth is positive and 
environmental pollution does not increase; but in the case of a ‘dirty’ equilibrium, 
economic growth is positive, and pollution increases the number of ‘dirty’ products. 
  
Bovenberg and Smuldersd (1995) developed the endogenous growth model to explain 
that natural resources positively affect the consumer’s utility and production pollution 
has a negative impact on the ecosystem. They argued that the R&D activities in 
production processes are important for environmental pollution mitigation. The 
argument in the endogenous growth model based on final goods innovation is that taxes 
on emissions, or technological standards will decrease the flow of pollution (Verdier 
1995). The ‘sustainable development’ theory focuses on investments in the environment 
and technology, and taxes on emissions as underlying forces that reduce environmental 
pollution. 
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The relationships between economic growth and energy consumption was hypothesize 
as the following four hypotheses: (1) Conservation hypothesis is characterized by uni-
directional causality running from economic growth to energy consumption; (2) Growth 
hypothesis suggests uni-directional causality running from energy consumption to 
economic growth; (3) Feedback hypothesis is characterized by bi-directional causality 
running from energy consumption to economic growth and then vice-versa; and (4) 
Neutrality hypothesis suggests the nonexistence of any causality between economic 
growth and energy consumption (Menegaki & Tugcu 2016). 
 
The relationship between economic growth and environmental pollution was 
hypothesized as the Environmental Kuznets Curve (EKC). This hypothesis is well 
discussed in a paper on the Environmental impact of the North American Free Trade 
Agreement published by Grossman and Krueger (1991). The authors argue that the 
long-term relationship between economic growth and environmental quality is an 
inverted U-shaped curve that has been later named the Environmental Kuznets Curve. 
The EKC hypothesis means that at increasing levels of relative income, intensity of the 
environmental pollution will initially increase; however, environmental pollution will 
decline steadily at a certain income level (Grossman & Krueger 1991).  
 
The first EKC study by Grossman and Krueger (1991) was followed by several scholars 
who have contributed to theoretical models of the EKC hypothesis; for example 
Panayotou (1993; 1997), López (1994), Grossman and Krueger (1995), Selden and 
Song (1995), and McConnell (1997). All of their models theorize the trade-off between 
quality of environment and consumption and provide a foundation for discussion of the 
key roles of individual preference and technology in the EKC hypothesis (Roca 2003). 
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Panayotou (1993, pp. 5-6) claimed that a steady environmental improvement is an 
outcome of higher level of economic growth and changes in economic structure towards 
information and environmental friendly technology industries. A decrease in 
environmental pollution is a result of more secure property rights  over emissions taxes 
to internalize externalities (Panayotou 1997) (see Figure 2.2).  
 
Figure 2.2- The Environmental Kuznets Curve 
 
Note: Y
* 
indicates the turning point which signifies that at this income level environmental pollution 
begins to decrease. 
Source: Panayotou (1997, p. 468) 
  
To explain the trade-off between environmental pollution and consumption, López’s 
(1994) model considers environmental resources as one of the inputs for the production 
that generates environmental pollution. Selden and Song (1995) and McConnell’s 
(1997) models are based on the assumption that part of income will be used to pay for 
environmental pollution abatement. Grossman and Krueger (1995) found evidence that 
in its initial stage, economic growth causes environmental degradation and thereafter 
environmental quality improves at the per capita income turning point of US$8000 for 
Environmental pollution 
Income per capita Y
* 
Ecological 
threshold 
Property rights ill-defined; externalities 
not internalised; resource use and 
pollution subsidised 
Environmental harmful 
subsidies removed 
Subsidies removed; externalities 
internalized, property rights defined 
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most analysed environmental indicators. Selden and Song (1995) reassessed the 
neoclassical growth of Forster (1973) to explain optimal abatement and pollution 
trajectories. Their studies have contributed a literature of the theory of the inverted-U 
curve for pollution and the J curve for environmental pollution abatement.  
 
Stern (2004) provides a historical review of the EKC literature. Stern indicates 
proximate variables and underlying variables causing the climb and decline of the EKC. 
The proximate factors includes production scale, changes in economic structure, 
technology improvement, and changes in input mix. The other important factors are 
environmental policies, environmental awareness and education. Stern explains the 
proximate factors as follows.  
 
Firstly, production scale effect means that expanded production leads to an increase in 
environmental pollution if the input-output rate remains constant or both production 
technology and inputs increase at the same rate.  
 
Secondly, economic structure effect (or composition effect) has both positive and 
negative impacts on the environment. It implies that in the early stages of economic 
development, a transformation from the agricultural sector to a heavy industrial sector 
causes an increase in emissions. However, in the latter phases of economic growth, a 
transformation from the heavy industrial sector to services or lighter manufacturing 
decreases emissions per unit of output.  
 
Thirdly, improvements in technology influence both ‘productivity’ and ‘emissions 
specific change in process’. Lastly; when production scale, output mix and technology 
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do not change, the effect of changes in input mix on consumption of environmental 
unfriendly inputs move along the isoquants of a neoclassical production function. 
  
A research paper by Dinda (2005) attempted to provide a theoretical interpretation for 
the EKC in the framework of endogenous growth model. Dinda considered a closed 
economy with its capital classified into two parts. The first part is used for commodity 
production which causes environmental degradation. The remaining part is used for 
abatement activity to improve environmental quality. Some remarks are derived from 
his model as follows. Firstly, the presence of the EKC is dynamically in the off-steady 
state. Secondly, the abatement activity is the main factor to decrease the environmental 
pollution; therefore, optimal capital investment in this activity is sufficient for curving 
down the pollution level. 
  
There exist few theoretical frameworks based on consumption to explain the 
environmental impact. Tapiero (2009) explored a stochastic queue model to assess a 
firm’s energy-consuming economic activities and environmental pollution. Tapiero 
undertook a mathematical and economic analysis of the problem that for a given energy 
efficient technology, the firm will maximize its profit by choosing both its economic 
activity and environmental pollution abatement investment. 
 
Further, energy consumption in the process of economic development has been recently 
taken into account in an expanded EKC hypothesis. It is called the energy-EKC 
hypothesis. Wang (2010) argues that energy consumption results in the rise in some air 
concentrations such as PM10 and SO2 in various regions and sectors in China. This study 
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demonstrates that the highest contribution to environmental degradation is the usage of 
energy. 
  
Brock and Taylor (2010) introduced a Green Solow growth model closely associated 
with the one-sector Solow model, where exogenous technological progress in both the 
production of goods and abatement allows for continual growth with increasing quality 
of the environment. The model provides a cohesive theoretical explanation for the EKC 
hypothesis. Brock and Taylor considered the standard one sector Solow model with the 
assumptions that savings and abatement choices are exogenously set, and savings rate 
and abatement are fixed. Figure 2.3 displays their model.  
 
The model allows for the possibility that emissions firstly may increase and then 
decline, or they may decrease continuously; the growth rate of emissions is 
monotonically decreasing in k. The authors derive the two propositions (Brock & Taylor 
2010, p. 138). Firstly, “if growth is sustainable and    0k T k , then the growth rate of 
aggregate emissions is at first positive but turns negative in finite time. If growth is 
sustainable and    0k k T , then the growth rate of emissions is negative for all t. If 
growth is unsustainable, then emissions growth declines with time but remains positive 
for all t”. Secondly, “economies with identical parameter values but different initial 
conditions produce different income per capita and emissions profiles over time. The 
peak level of aggregate emissions and level of income per capita associated with peak 
emissions are not unique”. 
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Figure 2.3- The Green Solow Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: K is denoted as labour. Capital accumulates via savings and depreciates at rate δ. The rate of labour 
augmenting technological progress is given by gB. B represents labour augmenting technological 
progress. gE is denoted as the growth rate of aggregate emissions along the balanced growth path. n is 
denoted as population growth. θ is denoted as the fraction of economic activity dedicated to abatement. s 
is denoted as a fixed savings rate. α is denoted as a constant capita share. 
Source: Brock and Taylor (2010, p. 137) 
 
By relying on a computable general equilibrium model, Turner and Hanley (2011) argue 
that the general equilibrium price elasticity of demand for energy in efficiency units is 
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the factor driving changes in the usage of energy and energy-related pollutants. It is 
concluded that energy should be saved and new environmental friendly energy sources 
should be discovered and used instead of existing harmful ones.  
 
In the empirical literature, various studies have tested the EKC hypothesis for the cases 
of groups of countries or individual countries by applying the standard EKC model or 
by including some other covariates in the model. Besides, they have employed different 
econometric approaches. The next section reviews the empirical findings. 
 
2.3.1.2. Empirical Literature 
 
Since the mid-1990s, most studies on the relationship between economic growth and 
environmental pollution inquired into the possible existence of the EKC hypothesis. 
  
There have been various empirical studies that have supported and rejected the EKC 
hypothesis. Even some empirical studies have suggested new nonlinear shapes of the 
relationship between environmental pollution and per capita income; for example an 
inverted L-shape for  Finland and Canada (Zanin & Marra 2012), an M-shape for 
Denmark (Zanin & Marra 2012), and an N shape for Korea  (Park & Lee 2011). 
 
The reason why there are mixed empirical results of the relationship between economic 
growth and environmental pollution is because of different datasets, empirical 
methodologies, and additional independent variables. 
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 First of all, many previous researchers have analysed various datasets based on the 
assumption that economic growth rates and environmental pollution levels differ 
depending on economic development indicators and environmental indices, 
respectively. By studying CO2, SO2 and NOx as environmental indicators, and per capita 
income as an economic development index, Coles (2005) argued that non-OECD 
countries do not produce the EKC relationship except for NOx. A study by Galeotti et 
al. (2006) analysed the CO2-GDP relationship and provides evidence of an availability 
of the EKC hypothesis for the group of non-OECD countries; suggesting that CO2 
emissions first increase with increases in GDP per capita and then decrease after the 
GDP per capita of US$15,600-US$16,100 is reached. Luzzati and Orsini (2009) 
investigated the relationship between energy consumption and per capita GDP but do 
not provide any evidence supporting for the energy-EKC hypothesis. 
 
The empirical findings vary depending on the time dimension of the data, and on the 
type of collected data (such as cross-national data, cross-provincial/state data, cross-
country panel data, or cross-province/state panel data). By employing the auto-
regression distribution lag (ARDL) approach to analyse two different datasets (China 
and India), Jayanthakumaran et al. (2012) found that structural changes influence 
emissions in the case of China but this causal relationship does not apply in the case of 
India.  
 
Saboori and Sulaiman (2013), who conducted research on the ASEAN5 (Indonesia, 
Malaysia, Phillippines, Singapore and Thailand) to investigate CO2 emissions-GDP 
relationships over the period of 1971-2009. Malaysia does not follow the inverted-U 
shaped relationship for this period but Saboori et al. (2013) found the existence of the 
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EKC for Malaysia when they used the data for years 1980-2009. Similarly, Ali et al. 
(2017) found the availability of the EKC in long-term in Malaysia by using ARDL 
bound test and the dataset over the period of 1971-2012.  
 
Ahmad et al. (2017) applied ARDL and Vector Error Correction Model (VECM) 
approaches to investigate the EKC hypothesis in case of Croatia for the period of 
1992Q1-2011Q1. Their results show the existence of the EKC hypothesis in Croatia. 
However, by employing ARDL bound test Alshery et al. (2017)’s empirical results did 
not support for the EKC hypothesis in the context of Saudi Arabia, one of main 
polluters in the world. 
 
Borhan et al. (2012) used panel data of eight ASEAN countries to investigate the EKC 
hypothesis and did not reject the hypothesis. In contrast, by analysing Vietnam’s 
national data from 1981 to 2011 and applying ARDL approach, Al-Mulali et al. (2015) 
argue that GDP and environmental pollution is positively related in both the short and 
long terms. The authors used per capita carbon dioxide emission as the dependent 
variables that most of the reviewed empirical studies have been used such as Coles 
(2005), Galeotti et al. (2006), Luzzati and Orsini (2009), Zanin and Marra (2012), Zanin 
and Marra (2012), Park and Lee (2011), Borhan et al. (2012), Saboori and Sulaiman 
(2013), Ali et al. (2017), Ahmad et al. (2017), and Alshery et al. (2017). The 
independent variables including GDP, the trade, and energy consumption are added in 
the model. Al-Mulali et al.’s finding does not support the EKC hypothesis; however the 
pollution haven hypothesis exists. Therefore, a more accurate empirical study of the 
EKC hypothesis requires use of more economic and environmental indicators and 
multiple datasets. Especially, since a disadvantage of cross-country panel data is to not 
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hold for a specific individual country, a number of EKC studies have recently estimated 
either cross-national data or cross-province panel data of an individual country. 
 
The second reason for getting mixed empirical results for the possible relationships 
between economic growth and environmental indicators is the different empirical 
methodologies used. The methodologies used have included the decomposition method, 
the robust model, time series econometric techniques, space-specific approaches, 
simultaneous models with some equations, and the GMM method. 
 
Some papers describe economic development and environmental pollution by 
employing decomposition models such as Theil’s index, the Arithmethic Mean Divisia 
Index, and Logarithmic Mean Divisia Index. For instance, Levy et al. (2010) employed 
Theil’s inequality index to investigate the EKC hypothesis for 185 countries. Their 
findings did not provide support for the EKC hypothesis. Levy decomposed SO2 
emissions into the contribution from three factors - composition, scale and technical 
effects - by relying on the Lod-mean Divisia Index. It is argued that the industrial 
composition transformation process increased environmental pollution in most Chinese 
provinces. Scale, economic growth and technology were pollution-reducing factors in 
provinces of China. 
  
Additionally, various environmental economics studies have established robustness tests 
in their methodologies. For example, whereas many research papers have relied on 
linear, quadratic, and cubic equations with reduced forms (Archibald et al. 2009; Wang 
et al. 2013) some have recently tried to employ semi-parametric (Luzzati & Orsini 
2009; He & Richard 2010) and nonparametric techniques (Galeotti et al. 2006; 
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Bertinelli et al. 2012). Moreover, there are some research papers applying time series 
econometric approaches such as using auto-regression distribution lag (ARDL) (Ahmed 
& Long 2012; Al-Mulali et al. 2015), adopting Granger causality tests and cointegration 
tests (Jalil & Mahmud 2009; Dinh & Shih-Mo 2014), and a threshold cointegration 
technique. 
  
By using a threshold cointegration technique to analyse the data of per capital CO2 and 
income for Spain between 1857 and 2007, Esteve and Tamarit (2012) confirmed the 
existence of the long term relationship between per capita income and CO2 in the case 
of Spain and a change in the shape of the EKC over time. Space-specific approaches, 
such as a random coefficient estimation and spatial analysis, are also used. Cole (2005) 
employed a random coefficient approach to overcome previous restrictive assumptions 
that the pollution-income relationship is the same shape for every country. Cole’s 
results show an inverted-U shape for NOx for both OECD and non-OECD countries; 
however, for all pollutants (CO2, SO2 and NOx) the shapes are different. More 
essentially, Cole’s results suggest that there dissimilar pollution-income relationships 
exist depending on the country. 
  
Several studies, for example Judson and Owen (1999), Nayan et al. (2013) and Halkos 
(2003), have adopted dynamic GMM estimation to address the relationship between 
economic growth and pollution, Judson and Owen (1999) suggest that Dynamic GMM 
is more effective for the unbalanced panel datasets that have short time dimensions (less 
than 10). Nayan et al. (2013) utilized system-GMM estimation for a short-time panel 
dataset and found evidence of unidirectional causality between GDP and energy 
consumption.  
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Halkos (2003), employed Arellano-Bond GMM as a different GMM approach, a 
random coefficients model, and fixed and random effects models to find the different 
empirical relationships between sulphur emissions and economic growth across 73 
selected countries. Halkos found support for the EKC hypothesis when using Arellano-
Bond GMM. On the other hand, the EKC hypothesis was rejected in the case of random 
coefficient models in comparison with a monotonic EKC in the case of fixed and 
random effect models. His empirical results are different when the same database is 
analysed using different techniques. Therefore, the econometric technique employed is 
crucial in empirical findings that might have policy implication. The selected 
econometric approaches should be adapted to their assumptions and the analysed 
dataset. 
  
Last, a number of independent variables have been added along with GDP or the 
income variable into their models to explore the other relationships with changes in 
emissions. It is found that industrial production scale and composition transformation 
play important roles in increases in environmental pollution in most Chinese provinces  
(He 2010). Ahmed and Long (2012) investigated the linkage between CO2 emissions, 
energy consumption, population diversity, trade liberalization and economic growth in 
Pakistan between 1971 and 2008 to test the EKC hypothesis. The results of their 
empirical analysis did not support the short-time EKC hypothesis; however, the long- 
time EKC hypothesis was confirmed for carbon pollution, economic growth and energy 
consumption. 
 
Generally, the mixed empirical results of the EKC hypothesis are due to datasets, 
methodologies, and additional variables. However, most of the results suggest 
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greenhouse gas (GHG) emissions from economic activities cause the environmental 
pollution. Therefore, recent studies have attempted to investigate the environmental 
pressures, in particular GHG emissions from human activities
4
. Especially, the recent 
studies found that carbon dioxide is the most important anthropogenic GHG that has 
risen speedily in recent decades and is causing climate change
5
. Therefore, mitigation of 
carbon dioxide is important. 
  
Various studies have focused on the role of technology on carbon reduction. Greaker 
and Hagem (2014) claim that investments in R&D of GHG abatement technologies 
always decrease GHGs. The IPCC assessment report on climate change (2007) also 
specified the vital role of technology in GHGs mitigation. 
 
Several studies, such as Ma and Stern (2008), IEA (2015), and Okushima and Tamuara 
(2010) also show that technological change in the energy sector plays an important role 
in mitigation of GHGs and climate change. In China, technological change was a 
dominant driver of fast-declining energy intensity until 2003 (Ma & Stern 2008) and 
then a slight decrease in energy intensity between 2003 and 2010 (IEA 2015). Similarly, 
technological change decreases CO2 emissions in Japan (Okushima & Tamura 2010). 
 
The Regional Integrated model of Climate and the Economy (RICE) and the Dynamic 
Integrated model of Climate and the Economy (DICE) identify the importance of 
                                                 
4
 Because of human activities since the industrial revolution, in particular the burning of fossil fuels (oil, 
coal and gas), and widespread deforestation, GHGs have been emitted into the atmosphere in increasing 
amounts. The main GHGs are carbon dioxide, methane, nitrous oxides, ozone, and chlorofluorocarbons.  
5
 The atmospheric concentration of carbon dioxide of 380 parts per million in 2005 far exceeds the range 
of 180 – 300 parts per million estimated over the past 650,000 years (Nordhaus 2008). 
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technology in determining climate change. The DICE model integrates, in an end-to-end 
fashion, the economics, carbon cycle, climate science, and effects in a highly aggregated 
model that allowed a weighing of the costs and benefits of taking steps to slow 
greenhouse warming (Nordhaus & Boyer 2000, p. 5). The results of the DICE-2007 
model show that the approach of low-cost backstop technology reduces the rate of 
global temperature increase because the backstop technology can remove carbon from 
the atmosphere (Nordhaus 2008, pp. 80-115). Nordhaus (2008, p. 199) concludes that 
the economic benefits of a low-cost backstop technology in terms of net impacts, 
benefit-cost rate, averted costs, and averted damages are great. 
 
Summarizing, the empirical literature suggests that the different datasets, 
methodologies, and additional variables generate mixed outcomes of the relationship 
between economic growth and the environment. The literature shows the importance of 
investment variables, particularly technology investment, on GHG emission mitigation.   
 
2.3.2. Environment and Human Health 
 
The environment is under pressure from human activities that cause climate change. 
The change of climate mainly harms population health by exacerbating existing disease 
burdens and by having a negative effect on the daily life of those with weak immune 
systems and on poor health care systems. The health impact of extreme weather 
happenings has received great attention. Much has been investigated on the 
relationships between climate, socioeconomic conditions, and population health. Studies 
include those on workplace heat exposure (Xiang et al. 2014), indoor heat exposure 
(White-Newsome et al. 2012), and infectious disease threats - for example, tuberculosis 
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(Thorpe et al. 2004; Hondula et al. 2012; Korthals Altes 2012; Willis et al. 2012; Luo et 
al. 2014; Onozuka & Hagihara 2015) and malaria (Gething et al. 2010). 
 
According to the Intergovernmental Panel on Climate Change’s (IPCC) assessment 
report on climate change 2014, climate change affects population health through three 
basic pathways. The first pathway is direct effects mostly associated with changes in the 
frequency and intensity of the extreme weather. Honda et al. (2014) developed a heat-
related mortality projection model and argue that heat-related mortality is very common. 
The IPCC’s assessment report on climate change 2014 concludes that it is likely to have 
been an increase in the number of heat-induced deaths if daily maximum temperatures 
had been higher.  
 
There is empirical evidence that anthropogenic climate change caused extreme summer 
heat-related deaths in Europe in the decade 1999-2008 (Christidis et al. 2012) and heat 
wave-related mortality (about 15,000 deaths) in the summer of 2003 in France (Fouillet 
et al. 2008). Moreover, seasonality of tuberculosis in various nations has been 
investigated. Luo et al. (2014) found that the increase in tuberculosis prevalence is 
caused by summer influenza epidemics in the case of Wuhan, China. Similarly, more 
tuberculosis cases occur in Summer in Hong Kong (Leung et al. 2005) and in Spain 
(Luquero et al. 2008). Tuberculosis prevalence reaches a peak in spring in the USA 
(Willis et al. 2012). 
 
The second pathway is impacts mediated through natural systems; for instance, vector-
borne diseases, food and water-borne infections, and air pollution. Vector-borne 
diseases are defined as infections transmitted by the bite of blood-sucking arthropods 
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(e.g. mosquitoes or ticks). Table 2.1 summarizes the prevalence of some vector-borne 
diseases malaria, dengue, tick-borne diseases, haemorrhagic fever with renal syndrome, 
and plague between 2008 and 2014 caused by extreme weather events and climate 
change. 
 
Table 2.1- The Global Prevalence and Geographic Distribution of Some Vector-
borne Diseases, 2008-2010 
Disease Area Cases per year 
Mosquito-borne diseases 
Malaria Mainly Africa, Southeast Asia 220 million 
Dengue 100 countries and especially 
in Asia Pacific 
50 million 
Tick-borne diseases 
Tick-borne encephalitis Europe, Russian Fed, 
Mongolia, China 
10,000 
Lyme Temperate areas of Europe, 
Asia, North America 
20,000  
in the United State 
of America 
Other vector-borne diseases 
Haemorrhagic fever with renal 
syndrome (HFRS) 
Global 0.15-0.2 million 
Plague Endemic in many locations 
worldwide 
40,000 
Adapted from the IPCC assessment report on climate change: impacts, adaptation and vulnerability: part 
A: global and sectional aspects (2014, p.723) 
 
The third pathway is impacts heavily mediated by human systems such as occupational 
impacts, mental stress, and undernutrition. Heat pressure is an issue for people working 
outdoors and indoors in uncontrolled temperature environments. Workers in the 
agriculture and construction sectors in tropical developing countries, and even for some 
workers in high-income nations like the USA, work in extremely hot weather 
(Luginbuhl et al. 2008). Working at high temperatures leads to potential conflict 
between labour productivity and heat stress related health protection (Kjellstrom et al. 
2011; Sahu et al. 2013).  
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Increasing temperature may reduce crop productivity, calorie availability, and lead to 
underweight children. Battisti and Naylor (2009) claim that changes in precipitation and 
higher temperatures may decrease the quality and quantity of food harvested. Each 
degree above 30
o
C reduces yields by 1.7% under drought conditions and by 1.0% under 
optimal rainfall conditions; this especially occurs in Africa (Lobell et al. 2011). Nelson 
et al. (2009) relied on a crop simulation model and a global agriculture trade model to 
predict that about 25 million underweight children in all developing countries would be 
a result of climate change related reduction in crop productivity by 2050 (see Table 2.2). 
 
Table 2.2- Number of Underweight Children Younger than 5 Years Old in 
Developing Countries in 2050 
Unit: millions 
 
No climate change Climate change 
South Asia 52 59 
East Asia/Pacific 10 15 
Europe and Central Asia 3 4 
Latin America and Caribbean 5 6 
Middle East/North Africa 1 2 
Sub-Saharan Africa 42 52 
All developing countries 113 138 
Adapted from Nelson et al. (2009, p. 12) 
 
The IPCC’s working groups (2014, pp. 18-19) project that negative health impacts of 
climate change will increase in the next years with confidence in the validity of their 
findings
6
 as follows: “(1) greater likelihood of injury, disease, and death due to more 
intense heat waves and fires (very high confidence), (2) increased likelihood of under-
nutrition resulting from diminished food production in poor regions (high confidence), 
(3) risks from lost work capacity and reduced labour productivity in vulnerable 
                                                 
6
 Confidence in the validity of a finding in the IPCC assessment report impacts, adaptation and 
vulnerability: part A: Global and sectoral aspects (2014, p.6) synthesizes the evaluation of evidence and 
agreement. The report uses five levels of confidence: very low, low, medium, high and very high. 
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populations (very high confidence), (4) increased risks from food and water-borne 
diseases (very high confidence), and (5) increase in vector-borne disease cases 
(medium confidence)”. In recent years, there have been many studies of the ways in 
which policies to mitigate GHG emissions may positively affect climate-related health. 
 
 A number of studies show evidence of changes in the environment such as temperature 
and extreme weather conditions and discuss the health threats of climate change in the 
specific context the Southeast Asian developing countries of Indonesia, Malaysia, the 
Philippines, Thailand and Vietnam. In recent years, rising average temperature and 
frequency, and intensity of extreme weather events (such as droughts and floods), have 
occurred in Southeast Asian developing countries. According to a report of the Asian 
Development Bank (2009, p. 53), the average surface temperature in Southeast Asian 
developing countries has increased by 0.1
o
C to 0.3
o
C per decade over the last 50 years. 
In Singapore, it has increased about 0.3
o
C per decade. Thailand has had an increase of 
0.1
o
C to 0.18
o
C per decade.  
 
In Vietnam, the average temperature has increased 0.1
o
C per decade. Recently, it has 
become hotter in summer in Vietnam, with the mean monthly temperature rising 
between 0.1
o
C and 0.3
o
C per decade. The average surface temperature recorded in 
Indonesia increased around 1.04
o
C per century in the wet season and 1.4
o
C in the dry 
season. In the Philippines, the temperature has risen 0.14
o
C per century since 1971 
(Solomon 2007). 
   
Southeast Asian developing countries have faced an increase in extreme weather events 
and natural disasters such as prolonged droughts, floods, storms, earthquakes, 
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epidemics, landslides, and volcanic activities. In particular, the number of storms and 
floods has increased significantly in recent decades (see Figure 2.4). For example, 
storms and floods have become more frequent and damaging in Thailand over the past 
five decades. Similarly, floods have occurred with greater frequency in Vietnam. 
 
Figure 2.4- Number of Storms and Floods in Southeast Asian Developing 
Countries, 1960-2015 
 
 
 
Data from the CRED/OFDA International Disaster Database (2015) 
 
Southeast Asian developing countries have also faced other serious impacts of climate 
change such as adverse health effects. The possible direct risks that climate change 
poses on population health in Southeast Asian developing countries are vector-borne 
infectious diseases, malnutrition, and diarrhoea disease. Climate change causes indirect 
threats such as injury, ill health, and respiratory diseases, and in the worst case, deaths. 
Various studies have found an increase in the number of vector-born infectious diseases 
related to increasing temperature in Southeast Asian developing countries in recent 
years that strongly coincide with the El Nino Southern Oscillation (ENSO) years. 
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There was an increased incidence of dengue fever in Indonesia in the La Niña years 
(1973 and 1998) (ADB 2009, pp. 52-53). The 1997 El Niño caused a number of 
diseases in the Philippines include cholera, malaria, dengue, and typhoid fever. Dengue 
fever has become an annual epidemic in the plains and central coast of Vietnam and is 
also associated with the El Niño events. Floods and storms caused an upward trend in 
the number of deaths and affected persons, as shown in Figure 2.5 and Figure 2.6 
respectively. 
  
Figure 2.5- Number of People affected by Storms and Floods in Southeast Asian 
Developing Countries, 1960-2015 
 
Data from the CRED/OFDA International Disaster Database (2015) 
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Figure 2.6- Number of Deaths caused by Storms and Floods in Southeast Asian 
Developing Countries, 1960-2015 
 
Data from the CRED/OFDA International Disaster Database (2015) 
 
An emerging population health concern in Southeast Asia is increasing mortality and 
morbidity as a consequence of heat waves (IPCC 2014, p. 1349). An aging population 
will lead to an increase in the number of people at risk; particularly those people with 
respiratory disorders and cardiovascular disease. Climate change will impact on the 
local transmission of the various climate-related diseases. Higher temperature is 
predicted to increase the potential risk of diarrhoea diseases. The spatiotemporal 
distribution of dengue fever will be a result of climate change. It is also predicted that 
morbidity and mortality due to water-borne diseases, primarily correlated with droughts 
and floods, will increase in Southeast Asian developing countries (ADB 2009, p. 53). 
 
2.3.3. Human Health and Economic Growth 
 
A large theoretical literature concentrates on human capital as a determinant of 
economic growth, such as Lucas (1988), Barro (1991), Fogel (1994), Babones (2008), 
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and Pop et al. (2013). The theoretical foundation of the relationship between human 
capital and economic growth is demonstrated in the endogenous growth models. These 
models explain the importance of human capital to the trajectory of economic growth 
(Lucas 1988; Barro 1991). The two-capital model of Lucas (1988) suggests the 
importance of human capital on enhancing productivity. Barro (1991, p. 437) argues 
that poor economies will catch up with rich economies if they have high human capital; 
but not otherwise.  
 
Health as a productivity augmenting factor that contributes to economic development 
has been recognized in some papers such as Fogel (1994), Babones (2008), and Pop et 
al. (2013). Fogel (1994, p. 386) implied that thermodynamic and physiological factors 
of human capital are associated with economic growth since they convert into the output 
through ingested energy. It has also been claimed that income inequality had negative 
impacts on population health leading to lower life expectancy (Babones 2008; Pop et al. 
2013), higher infant mortality and a higher murder rate (Babones 2008). 
 
Various empirical studies have investigated the two-way relationship between economic 
growth and health. A number of previous papers have found many variables, such as 
income, living standard, health service accessibility, education, diet and environmental 
emissions, correlated with health indices. The empirical studies identified that these 
factors are statistically significant in some cases. Barro (1991) found a positive 
relationship between per capita GDP and human capital in the case of groups of 98 
countries in the period 1960-1985. Barro argues that countries with higher human 
capital have a lower rate of fertility. Bloom et al. (2010) used a production function 
model of aggregate economic growth by including variables of work experience and 
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health. They analysed cross-country data observed every 10 years over the period 1960 
to1990 and found a positive effect of health on GDP. Dinda et al. (2006) investigated 
some health indicators and socioeconomic variables of a sample of approximately 5800 
underground and about 1236 surface coalminers in India. Their results suggest that 
taller workers earn more than their shorter colleagues and long-term investments in 
health human capital increase labour productivity, in particular in developing countries.   
 
By developing a simultaneous equations framework and using data in the context of 
India from 1980/1981 to 2004/2005, Nagar et al. (2008) provided evidence that during 
the 25 years, the environment and innovation in the health care system caused a high 
cost for the Indian economy. Borhan et al. (2012) also found that environmental 
pollution results in a decrease in income since health problems cause losses of working 
days and decreased labour productivity in the group of eight ASEAN. 
 
A few studies have added the environmental variable into their empirical model to 
investigate the relationship between income, health and the environment. For example, 
Gangadharan and Valenzuela (2001) estimated a two-stage least squares model with 
cross-countries data (51 countries). Their model concentrates on the effect of income 
and the environment on health with the environment being an endogenous variable. 
Their findings show that the environmental stress variable has a significant negative 
impact on health. At the same time, per capita GNP varies positively with health status 
variables. Gangadharan and Valenzuela conclude that population health cannot be 
improved by economic growth if the negative impacts of economic growth on the 
environment are not investigated.  
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2.4. Conclusion 
 
Past studies have found income inequality, emission inequality and health inequality 
across groups of countries and in some individual countries. The EKC hypothesis shows 
that the long-term relationship between economic growth and environmental pollution 
is an inverted U-shaped curve. The GDP-environmental pollution relationship has been 
found in various empirical studies. In particular, there exists the inverted U-shaped 
relationship between GDP and carbon dioxide emissions that is principally 
responsibility for changes in the environment. However, several empirical studies such 
as Park and Lee (2011), Zanin and Marra 2012, Al-Mulali et al. (2015), and Alshery et 
al. (2017) do not support the EKC hypothesis. These mixed empirical findings are due 
to the datasets, research methodologies, and other variables added in the models.  
 
With regards to environment-human health relationship and human health-economic 
growth relationship, the literature confirms that change in the quality of the 
environmental imposes threats, such as increase in disease prevalence and mortality, on 
human health. Endogenous growth models suggest the important role that human capital 
has in economic growth. Various empirical studies such as Lucas (1988), Barro (1991), 
Fogel (1994), Babones (2008), and Pop et al. (2013) have noted this role. 
 
In terms of Vietnam, empirical studies have found income inequality between urban and 
rural areas, among ethnic minorities; and inequality in health sector. Regarding the 
economic growth and environmental pollution relationship in Vietnam, Al-Mulali et al. 
(2015) have found a long-term and a short-term positive relationship between GDP and 
environmental pollution in Vietnam. 
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In conclusion, the literature review shows that the process of economic development 
comprises a complex set of interrelationships between a large number of flow variables, 
some of which are controllable by public planners, and state variables. The variables are 
associated with economic growth, quality of the environment and health. The literature 
review also shows that such factors have not been adequately analysed in previous 
empirical studies, most particularly in the specific context of Vietnam. This present 
study fills this gap. 
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CHAPTER THREE- THE CONCEPTUAL FRAMEWORK 
 
3.1. Introduction 
 
The literature suggests that the process of economic development comprises a complex 
set of relationships between state variables and control variables associated with 
economic growth, quality of the environment and population health. Economic growth 
might increase emissions, causing negative effects on human health and the 
environment. The literature shows the important roles of emission control and 
investments in production technology and health to reduce the environmental and health 
threats of the economic development process.  
 
In this chapter, theoretical prediction and testable hypotheses of the interrelationships 
between control variable (emissions) and state variables (the states of health and the 
environment) are derived by exploring a two-period dynamic model with uncertain life 
expectancy. Firstly, for a general problem, a two-period dynamic model is constructed 
in which control variables such as emissions, investments in technology, health and 
environment are taken into account. It is assumed that a representative agent can 
maximize the expected utility of the agent by choosing optimal emissions and 
investments for the present and the future periods, which depends on the consumption 
of the agent, the states of the environment and the agent’s health.  
 
Since the general model includes many variables, the theoretical explanations of optimal 
emissions, investments and the states of health and of the environment is too complex to 
derive precise conclusions. Therefore, based on the general model, the “business-as-
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usual” model is discussed. In this model, the representative agent does not invest in 
technology, health and the environment, and only generates pollution during the 
production process. Afterwards, the Cobb-Douglas specification case is analysed. Last, 
a theoretical prediction of the relationship between initial conditions of health and 
environment and the emissions is derived and the hypotheses of the relationships 
between production, emissions and health are listed. 
 
The rest of chapter is structured as follows. Section 3.2 explores the two-period dynamic 
economic model with uncertain life expectancy. Firstly, subsection 3.2.1 constructs the 
two-period dynamic model with uncertain life-expectancy. The variables of emissions 
and investments in technology, health and the environment are added in the model. 
Next, to minimise parameters of the general model, subsection 3.2.2 explores the 
‘business-as-usual’ model in which the representative agent does not invest in the 
environment, technology and health but produces emissions. Subsection 3.2.3 discusses 
the Cobb-Douglas specification case and derives the theoretical prediction of the 
relationship between initial conditions of health and environment and the emissions. 
After that, subsection 3.2.4 lists the testable hypotheses. Finally, section 3.3 draws 
conclusions. 
 
3.2. Optimal Emissions and Investments in Technology, Health and the 
Environment: a Two-Period Dynamic Model with Uncertain Life Expectancy 
 
3.2.1. General Model 
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In this subsection, a two-period dynamic model with uncertain life expectancy is 
constructed. The model considers a representative agent who lives for two periods. 
Accordingly, the representative agent lives in the present period (t=0). Due to health 
and/or environmental degradation there is uncertainty about this agent’s survival 
beyond the present period. The representative agent may be alive in the future period 
(t=1) depending on the states of the environment and health of the agent at the end of 
the present period. Hence, the lifetime utility of the representative agent is random. For 
simplicity, the model is taken to be binomially distributed with additively separable 
periodic utilities: 
 
 
     
   
0 0 0 1 1 1 1 1
0 0 0 1 1
, , , , ,
, , 1 ,
u c H E u c H E p H E
U
u c H E p H E

 

    (3.1) 
 
 
Variables in equation (3.1) are defined as follows: 
 
U is the lifetime utility of the representative agent;  
 
c0 is the consumption of the representative agent at period 0; 
 
c1 is the consumption of the representative agent at period 1;  
 
H0 is the representative agent’s health at the beginning of period 0;  
 
E0 is the state of the environment at the beginning of period 0;  
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H1 is the representative agent’s health at the end of period 0;  
 
E1 is the state of the environment at the end of period 0;  
 
( , , )t t tu c H E  is the periodic utility of the representative agent. The periodic utility 
function, ( , , )t t tu c H E  is concave and displays positive, but diminishing, marginal 
utility from the consumption, the state of health, or the state of the environment at 
period t. Namely, 
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 0,1   is the discount factor reflecting the representative agent’s time preference. If 
β=1, then the agent treats the utility flow periods 0 and 1 equally. Alternatively, if β<1, 
a given flow of the utility is worth more when it occurs in period 0. 
  
   1 1, 0,1p H E   is the representative agent’s probability of survival in period 1. The 
representative agent’s probability of survival in the future period depends on the state of 
the environment and health of the agent at the end of the present period. It means that as 
the quality of the environment at the end of the present period improves, the 
representative agent’s probability of survival in the future period increases. As the state 
of health of the agent is better, the representative agent’s probability of survival in the 
future period increases. 
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The following relationships are assumed:  
 0 0 0 0, , H E Tc f H E e I I I    (the agent’s first period budget constraint)   (3.2) 
   1 1 1 11 , ,Tc g I f H E e     (the agent’s second period budget constraint) (3.3) 
 1 0 01 , ,H H EH e I I H     (the agent’s health-state equation)   (3.4) 
and 
 1 0 01 ,E EE e I E     (the agent’s environment-state equation)  (3.5) 
 
where,  
 
IH is the representative agent’s investment in health at period 0,  
 
IE is the representative agent’s investment in the environment at period 0,  
 
IT is the representative agent’s investment in technology at period 0,  
 
e0 is the representative agent’s emissions from the production process at period 0,  
 
e1 is the representative agent’s emissions from the production process at period 1, 
 
 0 , ,H H Ee I I  is the rate of depreciation of the representative agent’s health during 
period 0. As emissions increases, the rate of depreciation of the representative agent’s 
health during period 0 also increases ( 0
0
( , , )
0H H E
e I I
e



), as investment in health 
increases, the rate of depreciation of the representative agent’s health during period 0 
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decreases ( 0( , , ) 0H H E
H
e I I
I



), and as investment in the environment increases, the rate 
of depreciation of the representative agent’s health during period 0 decreases                  
( 0( , , ) 0H H E
E
e I I
I



).   
 
 0 ,E Ee I  is the rate of deterioration of the state of the environment during period 0. As 
emissions increase, the rate of deterioration of the state of the environment during 
period 0 also increases ( 0
0
( , )
0E E
e I
e



), and as investment in the environment 
increases, the rate of deterioration of the state of the environment during period 0 
decreases ( 0( , ) 0E E
E
e I
I



). 
 
 , ,t t tf H E e  is an increasing, concave function of the representative agent’s state of 
health, the state of the environment, and emissions, portraying the agent’s production 
process in periods 0,1t   up to a neutral technological shift in period 1. 
 
 Tg I  is the rate of technological change generated by the investment in technology at 
period 0 and is an increasing, concave function in the investment in technology              
( ( ) 0T
T
g I
I



  and 
2
2
( )
0T
T
g I
I



).   
 
The representative agent is assumed to be rational. In agreement with the von Neumann-
Morgenstern proposition, the agent will choose the levels of emissions in periods 0 and 
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1, and the levels of investments in technology, health and the environment in period 0 
so as to maximize the expected lifetime utility. Formally, 
 
        
 
0 0 0 1 1 1 1 1
0 1
max , , , , ,
, , , ,H E T
E U u c H E p H E u c H E
e e I I I
 
    (3.6) 
Subject to the constraints: 
 0 0 0 0, , H E Tc f H E e I I I     (the agent’s first period budget constraint)     (3.7)     
   1 1 1 11 , ,Tc g I f H E e     (the agent’s second period budget constraint)    (3.8)    
 1 0 01 ,E EE e I E     (the agent’s environment-state equation)     (3.9)       
and      
 1 0 01 , ,H H EH e I I H     (the agent’s health-state equation)     (3.10) 
 
The optimal growth path is one that maximizes E(U) subject to the budget constraints. 
The first period’s constraint is that consumption in the present period must equal 
aggregate output in the present period minus investments in health, the environment and 
technology. The second period’s constraint is that consumption in the second period 
must equal aggregate output in the second period plus the increase in output because of 
investment in technology. The representative agent wants to maximize his lifetime 
utility (3.6) subject to the budget constraints. 
 
The substitution method is applied to solve the utility maximization problem in the 
general model constructed in this subsection. The substitution method is very intuitive 
for maximizing the utility function subject to the budget constraint (Henderson & 
Quandt 1971, pp. 404-407) (see Appendix). Accordingly, substituting the two budget 
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constraints (equation (3.7) and equation (3.8)) and the two state-equations (equation 
(3.9) and equation (3.10)) into the expected lifetime utility (equation (3.6)):  
 
         
      
   
 
0 0 0 0 0 0 0 0 0
0 0 0 0 1
0 0 0 0
0 1
, , , , 1 , , , 1 ,
max 1 1 , , , 1 , , ,
1 , , , 1 , ,
, , , ,
H E T H H E E E
T H H E E E
H H E E E
H E T
E U u f H E e I I I H E p e I I H e I E
g I f e I I H e I E e
u
e I I H e I E
e e I I I
 
 

 
              
 
                
           
           (3.11) 
 
In order to maximize the expected lifetime utility E(U) (3.11), the representative agent 
chooses e0
*
, e1
*
, IH
*
, IE
*
, and IT
*
. e0
*
 is where the first order derivative of the representative 
agent’s expected lifetime utility with respect to e0 is equal to zero. e1
*
 is where the first 
order derivative of the agent’s expected lifetime utility with respect to e1 is equal to zero.  
IH
*
 is where the first order derivative of the agent’s expected lifetime utility with respect 
to IH is equal to zero. IE
*
 is where the first order derivative of the agent’s expected 
lifetime utility with respect to IE is equal to zero. IT
*
 is where the first order derivative of 
the agent’s expected lifetime utility with respect to IT is equal to zero. Appendix 
represents the first-order derivatives of the expected lifetime utility with respect to e0, 
e1, IH, IE, and IT equal to zero. Moreover, the second-order conditions for a maximum 
requires that the determinant of the 5x5 Hessian matrix (H) is positive (Henderson & 
Quandt 1971, pp 401-402). However, the calculus of the principal minors including 
2
2
0
( )E U
e


 (the second-order derivative of the expected lifetime utility with respect to e0), 
2
2
( )
H
E U
I


 (the second-order derivative of the expected lifetime utility with respect to IH), 
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2
2
( )
E
E U
I


 (the second-order derivative of the expected lifetime utility with respect to IE), 
2
2
( )
T
E U
I


 (the second-order derivative of the expected lifetime utility with respect to IT), 
and the finding of the sign of the second-order conditions (the 5x5 Hessian matrix 
shown in the Appendix) are complicated because of many parameters in the model. It is 
also complex to compute other second partial derivatives, such as 
2
0 1
( )E U
e e

 
,  
2
0
( )
T
E U
e I

 
, 
2
0
( )
H
E U
e I

 
,  
2
0
( )
E
E U
e I

 
 ,  
2
1 0
( )E U
e e

 
, 
2
1
( )
T
E U
e I

 
, 
2
1
( )
H
E U
e I

 
, 
2
1
( )
E
E U
e I

 
, 
2
0
( )
T
E U
I e

 
, 
2
1
( )
T
E U
I e

 
, 
2 ( )
T H
E U
I I

 
, 
2 ( )
T E
E U
I I

 
, 
2
0
( )
H
E U
I e

 
, 
2
1
( )
H
E U
I e

 
, 
2 ( )
H T
E U
I I

 
 , 
2 ( )
H E
E U
I I

 
, 
2
0
( )
E
E U
I e

 
, 
2
1
( )
E
E U
I e

 
, 
2 ( )
E T
E U
I I

 
and 
2 ( )
E H
E U
I I

 
. 
Therefore, next subsection considers a ‘business-as-usual’ model. 
 
3.2.2. Business-As-Usual Model 
 
This subsection considers a ‘business-as-usual’ model in which the representative agent 
does not invest in technology, health and the environment (i.e. IT, IH and IE are equal to 
zero) and only generates pollution during the production process. That is, the model in 
which the control variables are e0 and e1. Formally, 
 
        
 
0 0 0 1 1 1 1 1
0 1
max , , , , ,
,
E U u c H E p H E u c H E
e e
 
     (3.12) 
Subject to the constraints: 
 0 0 0 0, ,c f H E e  (the representative agent’s first period budget constraint)  (3.13)           
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 1 1 1 1, ,c f H E e    (the representative agent’s second period budget constraint)      
(3.14) 
 1 01 EE E        (the environment-state equation)             (3.15)    
 1 01 HH H      (the health-state equation)       (3.16) 
Substituting the two budget constraints (3.13) and (3.14) and the two state-equations 
(3.15) and (3.16) into the expected lifetime utility (equation (3.12)):  
 
       
         
0 0 0 0 0 0 0
0 0 1 0 0
( ) , , , , 1 , 1
1 , 1 , , 1 , 1
H E
H E H E
E U u f H E e H E p H E
u f H E e H E
 
    
   
    
   (3.17) 
 
Necessary conditions for a lifetime utility maximum are its derivative with respect to e0 
and e1 equal to zero. Stated mathematically, the first-order conditions for maximizing 
the expected utility (3.17) are: 
 
          
0
,,,,,,,,,,
0
000
0
000
0
000
0
00000
0













e
eEHf
c
EHcu
e
eEHf
c
EHeEHfu
e
UE
           (3.18) 
 
 
    
         
    
    
      
0
,1,1,,
1,1
,1,1
1,1,,1,1
1,1
1
100
1
111
00
1
100
1
00100
00
1














e
eEHf
c
EHcu
EHp
e
eEHf
c
EHeEHfu
EHp
e
UE
EH
EH
EH
EHEH
EH





           (3.19) 
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The second-order sufficient conditions for the lifetime utility maximum require that the 
following 2x2 Hessian matrix (H) of E(U) with respect to (e0, e1) must be negative 
semidefinite (Henderson & Quandt 1971, pp 401-402): 
 
   
   
2
1
2
01
2
10
2
2
0
2
e
UE
ee
UE
ee
UE
e
UE
H








         (3.20) 
 
where 
    
    
       
222
0 0 0 0 0 0 0 0
2 2
0 0 0
2
0 0 0 0 0 0 0 0
2
0 0
22 2
0 0 0 0 0 0 0 0 0 0 0 0
2 2
0 0 0 0
, , , , , ,( )
, , , , , ,
, , , , , , , ,
u f H E e H E f H E eE U
e c e
u f H E e H E f H E e
c e
u c H E f H E e u c H E f H E e
c e c e
  
  
   
 

 
    
  
    
  (3.21) 
 
    
              
              
    
2
0 02
1
22
0 0 1 0 0 0 0 1
2
1 1
2
0 0 1 0 0 0 0 1
2
1 1
2
1 1
0 0
( )
1 , 1
1 , 1 , , 1 , 1 1 , 1 ,
1 , 1 , , 1 , 1 1 , 1 ,
, ,
1 , 1
H E
H E H E H E
H E H E H E
H E
E U
p H E
e
u f H E e H E f H E e
c e
u f H E e H E f H E e
c e
u c H
p H E
  
     
     
  

  

            
      
        
 
   

  
   
   
2
1 1 1 1
2
1 1
2
1 1 1 1 1 1
2
1 1
, ,
, , , ,
E f H E e
c e
u c H E f H E e
c e
  
  
   
 
  
 
  
           (3.22) 
 
2
0 1
( )
0
E U
e e


 
          (3.23) 
 
60 
 
2
1 0
( )
0
E U
e e


 
          (3.24) 
 
Substituting the second-order derivatives (3.21), (3.22), (3.23) and (3.24) into the 
determinant of the Hessian matrix (3.20), then the 2x2 Hessian matrix (H) is rewritten 
as follows: 
 
   
   
    
   
   
22
0 0 0 0 0 0
2
0 0
2
0 0 0 0 0 0
2
0 0
22
1 1 1 1 1 1
2
1 1
0 0
2
1 1 1 1 1 1
2
1 1
, , , ,
0
, , , ,
, , , ,
0 1 , 1
, , , ,
H E
u c H E f H E e
c e
u c H E f H E e
c e
H
u c H E f H E e
c e
p H E
u c H E f H E e
c e
  
  
 
  
 

 

   
  
      
  
 
  
  
 
Recalling 
 
0
,,



t
ttt
c
EHcu
, 
 
0
,,
2
2



t
ttt
c
EHcu
, and  , ,t t tf H E e  is an increasing, 
jointly concave function of the representative agent’s states of health, the environment, 
and emissions, so the principal minors of H, 
 
2
0
2
e
UE


 and 
 
2
1
2
e
UE


 are negative, and the 
determinant of H, 
   
   
    
      
      
22 22
0 0 11 1 10 0 0 0 0 0
22
1 10 0
0 0
2 2
0 0 0 0 0 0 0 0 11 1 1
2 2
0 0 1 1
1 , 1 ,, ,, , , ,
det 1 , 1 0
, , , , 1 , 1 ,, ,
H E
H E
H E
f H E eu c H Eu c H E f H E e
c ec e
H p H E
u c H E f H E e f H E eu c H E
c e c e
 
  
 
               
               
      
    
      
 
It is concluded that the second-order sufficient conditions are satisfied (Henderson & 
Quandt 1971, pp 405-407). 
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In order to derive the effects of initial conditions of health and quality of the 
environment on the emissions, the next subsection uses a homogenous Cobb-Douglas 
specification (Cobb & Douglas 1928) for the periodic utility function. In the present 
case, inputs include consumption (c), the state of health (H) and the state of the 
environment (E).  
 
3.2.3. Cobb-Douglas Specification Case 
 
This subsection explores the Cobb-Douglas specification case. It is assumed that the 
periodic utility function and production function take the Cobb-Douglas specification as 
follows: 
 
 0 0 0 1 0 0 0, ,u c H E Ac H E
    with 0 1       and 1 0A     (3.25) 
 1 1 1 2 1 1 1, ,u c H E A c H E
    with 0 1       and 2 0A     (3.26) 
where α, ε, and δ are the periodic utility elasticities of consumption, the state of health 
and the state of the environment, respectively. 
  
 0 0 0 1 0 0 0, ,f H E e B H E e
    with 0 1       and 1 0B      (3.27) 
 1 1 1 2 1 1 1, ,f H E e B H E e
    with 0 1       and 2 0B       (3.28) 
where τ, ρ and υ are the output elasticities of the state of health, the state of the 
environment and emissions, respectively.  
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In the case where the representative agent can still live in period 1, the agent’s 
probability of survival in period 1 is given by: 
1 1
max
max max
H E
p p
H E
  
   
  
        (3.29) 
 
where max0 1p  , 1 max0 H H  , 1 max0 E E  , 1 0(1 )HH H  and 1 0(1 )EE E  .  
 
The specification (3.29) satisfies 0 1p   and suggests that the probability of survival 
increases monotonically in health and quality of the environment. Therefore, both health 
and quality of the environment are essential for survival.  
 
Substituting equations (3.25), (3.26), (3.27), (3.28) and (3.29) into the expected lifetime 
utility (3.17):  
 
 
   
        
1 1 0 0 0 0 0
0 0
max 2 2 0 0 1 0 0
max max
( )
1 1
1 1 1 1
H E
H E H E
E U A B H E e H E
H E
p A B H E e H E
H E

    
         

   
                     
  
           (3.30) 
 
Consequently, the necessary conditions for maximum are: 
 
1
1 1 0 0 0
0
( )
0
E U
A B H E e
e
        

 

                    (3.31) 
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   
   0 0 1max 2 2 0 0 1
1 max max
1 1( )
1 1 0
H E
H E
H EE U
p A B H E e
e H E
         
  
   
               
 
           (3.32) 
 
In order to derive the relationship between the initial conditions of the environment and 
health and the emissions (e0 and e1), the total differentiation technique is applied (Allen 
1962; Sydsaeter 1981; Haeussler et al. 2014). Accordingly, in terms of the relationship 
between the initial conditions of the environment and the emissions, taking total 
differentiation of the first-order condition (3.31) with respect to e0 and E0 while holding 
all other parameters constant: 
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In turn, 
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Recalling that 0 1      , and 0 1      ; consequently, 
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Taking total differentiation of the first-order condition (3.32) with respect to e1 and E0, 
while holding all other parameters constant: 
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In turn, 
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Recalling that 0 1      , and 0 1      ; consequently, 
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 The specifications  0
0
0
de
dE
  and 1
0
0
de
dE
  suggest that the worse the initial condition of 
the environment, the smaller the emissions from the production process in both the 
present and future periods. It means that, initially, an increase in emissions from the 
process of production increases the environmental pollution. Therefore, when the state 
of the environment is worsening, the emissions should be reduced. This allows the 
environmental quality to improve in both the present and future periods. 
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In order to discuss the relationship between the initial condition of health and the 
emissions (e0 and e1), taking total differentiation of the first-order condition (3.31) with 
respect to e0 and H0, while holding all other parameters constant: 
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In turn, 
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Recalling that 0 1      , and 0 1      ; consequently, 
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Taking total differentiation of the first-order condition (3.32) with respect to e1 and H0, 
while holding all other parameters constant: 
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In turn, 
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(3.43) 
 
Recalling that 0 1      , and 0 1      ; consequently, 
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The specifications 0
0
0
de
dH
  and 1
0
0
de
dH
  suggest that the worse the initial condition of 
health, the smaller the emissions from the production process in both the present and 
future periods. This theoretical prediction proposes the possibility of an emissions-
health relationship. It means that if emissions from the production process have a 
negative impact on the state of human health at the beginning of the present period, 
emissions should be mitigated in both the present and future periods. This theoretical 
derivation suggests that the potential risk to human health is one of the major concerns 
about emissions from the production processes. 
 
3.2.4. Hypotheses 
 
The conceptual framework assumes that the representative agent’s production process 
generates emissions. The production function  , ,t t tf H E e  is an increasing concave 
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function of the agent’s health status, the state of the environment and emissions. It 
means that
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0
t t t
t
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t t t
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suggests that as production increases, the level of emissions increases in both the 
present and future periods. The specification 
 , ,
0
t t t
t
f H E e
H
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
 suggests that better 
conditions of health leads to higher productivity in both the present and future periods. 
The agent’s health-state equation  1 0 01 , ,H H EH e I I H     where 
0( , , ) 0H H E
H
e I I
I



, suggests that investment in population health and health services 
increases, the rate of depreciation of the representative agent’s health during period 0 
decreases. As a result, the state of population health in the future period improves. The 
specifications 0
0
0
de
dH
  and 1
0
0
de
dH
  derived in subsection 3.2.3 suggest that the worse 
the initial condition of health, the smaller the emissions from the production process in 
both the present and future periods. Therefore, testable hypotheses are as follows: (1) 
increased output increases emissions, (2) lower emission leads to better population 
health, (3) better population health has a positive effect on output, and (4) the health 
service has a positive impact on population health. 
 
3.3. Conclusion 
 
This chapter has focused mainly on an exploration of a conceptual framework 
comprising a two-period dynamic model with uncertain life expectancy, and on a 
discussion of a ‘business-as-usual’ model and the Cobb-Douglas case. The conceptual 
framework suggests that health and quality of the environment are essential for survival. 
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The theoretical prediction is as follows: the worse the initial condition of the 
environment and health, the smaller the emissions from the production processes in both 
the present and future periods. Additionally, the testable hypotheses of the relationships 
between production, emissions and health are listed. 
 
Based on the conceptual framework, Chapter Five estimates variations in the 
interrelated factors emphasized in the framework as measures of development, such as 
income, emissions and health, between and within regions in Vietnam. Use is made of 
the Theil entropy index which decomposes these variables into their inter-regional and 
intra-regional components with observation on Vietnam’s provinces. The Theil entropy 
index estimation will show which region has made a large contribution to between-
region inequality, within-region inequality, or to the national inequality in emissions 
and health. The Theil index also allows computation of the trends of the inequalities in 
income, emissions and health between and within regions over the observed period. 
 
Following the theoretical derivations from the conceptual framework, Chapter Six 
examines simultaneous relationships between output, emissions and health in Vietnam. 
The following hypotheses are examined: (1) increased output increases emissions; (2) 
lower emission leads to better population health; (3) better population health has a 
positive effect on output; and (4) health service has a positive impact on population 
health. 
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CHAPTER FOUR- BACKGROUND OF ECONOMIC DEVELOPMENT, 
ENVIRONMENT AND HEALTH IN VIETNAM 
 
4.1. Introduction 
 
Like other Southeast Asian developing countries, Vietnam has achieved a significant 
economic growth after 30 years of economic reform since the launch of ‘Đoi Moi’ in 
1986. Its industrialization and urbanization has developed rapidly. Accompanied by 
socioeconomic achievements, Vietnam has faced environmental threats and human 
health issues. The literature suggests that variables associated with economic 
development, environment and health have not been adequately analysed in the specific 
context of Vietnam. Therefore, to test the prediction derived theoretically in the 
conceptual framework chapter and the hypotheses of the interrelated variables, Vietnam 
is chosen as an empirical case for this study. This chapter reviews the economic 
development, environment and health of Vietnam. The purpose is to provide 
background information about the Vietnamese economy, and environmental and health 
issues of economic development before the empirical analysis in the next chapters.  
 
The rest of this chapter is constructed as follows. Section 4.2 provides background to 
the economic geography of Vietnam. Section 4.3 provides an overview of economic 
growth and structural changes in Vietnam. Section 4.4 discusses environmental issues in 
Vietnam and describes environmental policies and institutions of Vietnam. Section 4.5 
reviews the state of population health and the health care system in Vietnam. Section 
4.6 concludes the chapter. 
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4.2. Economic Geography  
 
Vietnam is a long narrow country along the Eastern Coast of the Indochinese Peninsula. 
Vietnam borders China in the north, and Laos and Cambodia in west. It borders South 
China in the east, and the Gulf of Tonkin with the island of Hainan Dao, China, in 
northeast. The country shares maritime borders with Indonesia, Malaysia, the 
Philippines, and Thailand.  
 
Vietnam has the typical tropical climate of a peninsula in the South East of the Europe-
Asia continent. It is significantly influenced by the East Sea, high temperatures, a rainy 
season and suffers from various weather calamities. Vietnam is able to be divided into 
six different climate regions: the North West, the North East, the North Delta, the North 
Central, the South Central, the Central Highlands and the South (ISPONRE 2009). 
Vietnam is one of the countries affected significantly by climate change. Compared 
with the period of 1980-1999, Vietnam’s annual temperature is projected to increase by 
1.1
o
C to 1.9
o
C and its emissions are expected to increase temperatures by 2.1
o
C to 3.6
o
C 
by the end of 21
st
 century (ISPONRE 2009, p.71). The increase in rainfall is likely to be 
1.0% to 5.2% and 1.8% to 10.1% in low and high emission scenarios respectively. The 
sea level increase is likely to be in the range of 65 cm to 100 cm. 
 
Vietnam includes the mainland, which has an area of 331,231 square kilometres (GSO 
2016). It has a water area many times larger than the mainland and thousands of islands 
of various sizes in the East Sea. With a population of about 91.7 million people in 2016, 
it is the thirteenth most populous nation in the world, and the eighth most populous 
Asian country (GSO 2016). The General Statistics Office of Vietnam groups Vietnam’s 
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provinces into six major economic regions: the Red River Delta, the South East, the 
Northern midlands and mountain areas, the North Central and Central coast areas, the 
Central Highlands, and the Mekong River Delta as shown in Figure 4.1. Of these six 
regions, the South East and the Red River Delta are the most developed regions in the 
country. 
 
Figure 4.1- Map of Locations of Vietnam’s Six Regions 
 
Source: Vietnam Institute of Architecture, Urban and Rural Planning website (cited in Nguyen 2015) 
 
Table 4.1 summarizes the strengths and weaknesses of the regions. The Red River Delta 
is in the north of Vietnam and is one of the most dynamic and developed regions in the 
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country. The Red River Delta region has 11 provinces of which Ha Noi, Vietnam’s 
capital, is dominant in terms of FDI and gross industry value added (GSO 2016). Hai 
Phong is a province with one of the largest industrial zones in the country. The Red 
River Delta region has large deposits of coal, kaolin, bauxite, sandstone and limestone. 
Moreover, there is a large natural gas reserve in Thai Binh province. Forestry is not a 
main industry for the Red River Delta, although some forests can provide high quality 
wood. Since it has a long coastline, the Red River Delta’s important resource is its 
marine resource. The region has high electricity consumption as a result of high 
urbanization and industrialization. Its electricity production mainly relies on coal-fired 
thermal power plants such as the Pha Lai, Hai Phong, and Thai Binh power plants. The 
region has favourable conditions for infrastructure and transportation. For example, Hai 
Phong Port is a port group in Hai Phong province that has been distributed evenly 
throughout the domestic areas and satisfies international destinations. Noi Bai airport is 
the largest airport of the North and one of the two largest airports in the country. 
 
The South East is in the south of Vietnam and is also one of the most developed regions 
in the country. The region is composed of six provinces. The region’s FDI, energy, and 
manufacturing sectors have had impressive growth. Ho Chi Minh City is the largest 
commercial city of Vietnam. It has distributed a large GDP to the country. In 2016, its 
GDP was 8.05% (Thesaigontime 2016). Development of Industries like mining, 
construction, agriculture, seafood processing, tourism and trade has been dominated by 
Ho Chi Minh City. The city has a number of industrial and export-processing zones. In 
addition, many high-tech enterprises and software companies are located in the city. 
Binh Duong province in the region has attracted a significant amount of FDI capital. 
There was 3,050 FDI projects with total registered capital of around US$26.6 billion in 
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2016 (GSO 2016). The region has some large rivers, namely the Dong Nai River and 
the Saigon River with the big Saigon port. Like the Red River Delta region, the South 
East region has developed infrastructure and transportation. The Dong Nai River has 
transported international and domestic goods. Tan Son Nhat airport and Long Thanh 
airport in the region account for about two thirds of the arrivals to, and departures from, 
Vietnam. 
 
The Northern Midlands and Mountainous region has 14 provinces with many ethnic 
minorities. It is the poorest region in Vietnam. People living in the region depend on 
natural resources. Ethnic minorities in the region are substantially poorer than the ethnic 
majority Kinh in the country.  The region is bordered by Laos to the west and China to 
the north and is covered by a number of prominent mountains. The region has a 
relatively cold climate, thus it is suitable for cultivation of tea, fruits, and medicinal and 
aromatic herbs. It has large stocks of minerals, such as, granite, coal, gold and 
limestone. Hoa Binh and Son La have the largest hydropower plants in the country but 
the region’s infrastructure is not as well developed as it is in other regions. The 
government has some investment plans for inter-regional and intra-regional roads. Dien 
Bien Phu airport is a destination of flights from Laos and China.  
 
The North Central and Central Coast region has convenient locations with borders with 
Laos in the west and with the South China Sea in the east. There are 14 provinces in the 
region (GSO 2016). The region has high mountains in the northwest area and hills 
covering a large portion of its territory. Its climate is cool and there is high rainfall for 
hydropower production.  
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With a long coastline, large ports, estuaries and an excellent coastal lagoon system, 
aquaculture is the most developed sector in Da Nang province which has a dedicated 
seafood processing zone. Quang Binh province provides many minerals, for example, 
gold, titanium, zinc, and some non-metallic minerals. In particular, there are large 
reserves of kaolin and limestone for the developing construction industry. In addition to 
hydropower plants, there are several thermal power plants such as Vung Anh I. 
Regarding the region’s infrastructure, there are east-west motorways connecting with 
Laos. Da Nang port plays an important role in the region and is the third largest port in 
Vietnam. The region has some international and domestic airports, such as Da Nang 
airport and Phu Bai airport. 
 
The Central Highlands region has high mountain ranges and abundant plains. There are 
five provinces in the region. The region’s economy depends heavily on agriculture, and 
the manufacturing, and forestry sectors. In the central provinces, the mountainous areas 
account for about 35% of the natural area. The provinces export sugar, coffee, meat 
products and vegetable oil. The region produces a high volume of construction materials 
like cement. The region has developed tourism. In particular, Da Lat attracts many 
domestic and international tourists. Small and medium sized hydropower plants have 
been built in the region for regional energy consumption. The region has good 
infrastructure and transportation. The highway connecting the Central Highland and the 
Central Coast is convenient for transporting goods. There are three domestic airports, 
namely Pleiku Airport, Phu Cat Airport, and Buon Me Thuot Airport. They allow daily 
flights to operate between Da Nang province and Ho Chi Minh City. 
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The Mekong River Delta borders Cambodia to the north, overlooks the Gulf of Thailand 
in the west and southwest, and faces the South China Sea in the southeast. It has 13 
provinces. Its topography is between 0.5 m and 1 m above sea level and the lower 
elevation in the south has caused prolonged flooding. Its economy depends on the 
agriculture sector. Its rice export has contributed significantly to the country’s economy. 
Moreover, it has exported other cash crops such as coconuts, sugar, and cocoa. In 
addition to agriculture, its fisheries sector has been developed.  
 
The region, with its long coastline, favourable climate and extensive rivers, is ideal for 
developing aquaculture. This region has also exported large volumes of many types of 
seafood. Furthermore, it has large reserves of oil and gas that has attracted FDI. Kien 
Giang province has the largest limestone reserves. Hau Giang province has built a 
power complex with three thermal power plants. Nam Can Port in Ca Mau province 
plays a important role in the region since it has expanded trade with some Asian 
countries such as Singapore, Indonesia and Malaysia. Other ports like Can Tho port, Cai 
Cui port and Tra Noc port offer convenient waterway transportation. Can Tho 
international airport is the largest airport in the region and Rach Gia airport and Ca Mau 
airport are domestic airports. 
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Table 4.1- Summary of Main Strengths and Weaknesses of Each Region of 
Vietnam 
Region Strength Weakness 
Red River Delta * Rich mineral and natural 
resources. 
* The high agricultural 
production area in Vietnam. 
* Many large industry zones. 
 
 
 
* Smallest area but highest 
population size in Vietnam. 
* Environmental pollution. 
* Seasonal storms, flooding, 
salt water intrusion, and coastal 
erosion. 
 
South East * The most economically 
developed region in Vietnam 
and highest contribution to 
national GDP. 
* The most highly urbanization. 
* High amount of FDI capital. 
* Having developed 
infrastructure and transportation. 
* High population density 
pressure 
* Environmental pollution. 
 
Northern Midlands 
and Mountain 
* Large stocks of minerals. 
* Having the largest hydropower 
plants in the country 
* The poorest region in 
Vietnam. 
* Infrastructure is not as well 
developed as it is in other 
regions. 
North Central and 
Central Coast 
* High rainfall is an advantage 
for hydropower production. 
* The construction industry 
development is due to large 
reserves of kaolin and limestone. 
* The threat of typhoons.  
* Sea environment pollution. 
Central Highlands * Developed tourism. 
* Producing a high volume of 
construction materials like 
cement. 
* Having high mountain ranges 
and abundant plains. 
 
Mekong River 
Delta 
* Rice export has contributed 
significantly to the country’s 
economy.  
* Agriculture and fisheries 
sectors has been developed. 
* Prolonged flooding.  
* Depending on the agriculture 
sector. 
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4.3. Economic Growth and Structural Changes 
 
4.3.1. Growth Performance 
 
Since 1986 Vietnam has implemented a series of policies that mark a transition from a 
centrally planned economy to a socialist-oriented market economy. Vietnam’s transition 
to a market economy has transformed the country and the lives of its people. The 
economic performance of Vietnam over the last decades has been impressive. Vietnam 
has achieved a consistently high level of economic growth that turned Vietnam from 
being one of the poor countries in the world to join the group of lower-middle income 
countries of the World Bank in 2009. Vietnam’s economy has grown at an annual rate 
of 7.3%t over the period from 1999 to 2010 (World Bank 2012) during which time the 
country transitioned from an agriculture-based economy to an industrial one. Its per 
capita Gross National Income increased from just US$110 in 1991 to US$1,980 in 2015 
(World Bank 2016). According to the World Bank (2014), Vietnam’s economic growth 
has been slowing down in recent years because of continuing macroeconomic instability 
with high inflation and the impacts of the 2008-2009 global financial crisis, climate 
change, and some human and animal diseases. Gross Domestic Product growth has 
reached 6.2% in 2016 (see Figure 4.2).  
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Figure 4.2- Annual GDP Growth Rate, 1986-2016 (%) 
 
Calculated using data from the World Bank (2016) 
 
In addition to Vietnam’s remarkable achievement in economic growth, Vietnam has had 
significant structural changes in its regions, industry sectors and through urbanization 
over the last 30 years.  
 
The next subsections reviews the structural changes in Vietnam’s regions, urbanization, 
and industry sectors. 
 
4.3.2. Regional Economic Development 
 
The regional economic system of Vietnam is shaped on a fair division of the territory 
similarities in natural and socio-economic conditions. Before 2008 the regional 
economic system of Vietnam was divided into eight major economic regions: the North 
West, the North East, the Red River Delta, the North Central, the South Central, the 
Highlands, the South East and the Mekong River Delta. Since then, Vietnam has been 
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classified into six regions: the Red River Delta, the Northern Midlands and Mountains, 
the North Central and Central Coast, the Central Highlands, the South East and the 
Mekong River Delta. These regions decided to form four key economic regions: the 
Northern, Central, Southern and Red Mekong River Delta regions. 
 
In the past years, there have been notable achievements and a positive shift in regional 
economic development. Some regions have produced a large volume of good quality 
products such as rice and fresh fruits in the Red Mekong River Delta, coffee and rubber 
in the Highlands, rubber in the South East, vegetables in the Red River Delta, and cattle 
breeds in the North East and North West.  
 
Significantly, the key economic regions’ GDP has grown rapidly. The regions have 
contributed positively to the national GDP and enhanced the economic development of 
localities. In 2010, four key economic regions (the Red River Delta, the North Central 
and Central Coast, the South East and the Mekong River Delta) contributed to 63.8% of 
GDP (Ho and Vo 2012). This figure increased to 80.68% of GDP in 2012 (GSO 2012). 
Furthermore, there have been 225 industrial parks and export processing zones 
developed in the provinces of four key economic regions (Ho and Vo 2012). In 2016, 
there were 21,682 FDI projects with a total registered capita of about US$276.6 billion 
licensed by the four key economic regions (GSO 2016).  
 
Meanwhile, in the difficult economic regions such as in the North West and the 
Highlands, many infrastructure projects have been invested in as a precondition for their 
socio-economic development. Poor households have been given credit loan incentives 
to facilitate production. Thus, agriculture production and services have undergone 
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constant development. Although the speed of economic restructure of these difficulty 
economic regions has been slower than for other key economic regions, changes are in 
the right direction. However, the current economic structure of the regions also reveals 
the limitations and weaknesses that must be addressed to meet the socio-economic 
development of each region in particular, and the national economy in general:  
 
Firstly, the scale of the economic sector in each region is fragmented, small and 
dispersed, and mostly based on resource extraction industries using unskilled 
employees. For example, agricultural production, fisheries, mining, processing 
industries and consumption services using unskilled workers. According to the annual 
statistics, only 26 out of 112 industries have contributed more than 1% to the national 
GDP.  
 
Secondly, the closed administrative style divided the regions into economic spaces and 
dispersal was according to administrative boundaries that are not divisions according to 
cooperation among regions. 
  
Thirdly, in the key economic regions the investment structure was irrational. Some 
major sectors which contributed significantly to the economy (for example, rice 
processing, rubber, coffee, aquaculture and seafood processing, wood products, textiles, 
machinery manufacturing, electronics, tourism, restaurants, hotels  and finance) have 
received adequate investment. In addition, investment capital was dispersed and spread 
between too many projects. This meant prolonged lack of capital, increased costs and a 
reduced effectiveness of investment capital use. 
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In addition, weaknesses in the economic structure in Vietnam also came from some 
subjective reasons such as maintaining the long pattern of wide growth, ineffective 
management and administration of the economy, the limited business environment; 
opaque incentive regime, and incentive investment. 
 
In summary, the economic restructuring of each region is a difficult and complicated 
task. Implementation of economic restructures requires uniform sectors throughout the 
country and in each locality with objectives that have a specific orientation and clarity. 
 
4.3.3. Urbanization and income inequality 
 
The Vietnam urban classification system has been established since 2001. Decree No. 
42/2009/ND-CP is an important part of urban policy in Vietnam. Vietnam’s urban 
system is classified into six classes that are defined by different levels of economic 
activity, physical development, population density, and provision of infrastructure. Ha 
Noi and Ho Chi Minh City are Vietnam’s special cities under the central government 
since they make a significant and unique economic, social, and political contribution. 
Figure 4.3 shows Vietnam’s regional and urban administration hierarchy (WB 2011). 
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Figure 4.3- Vietnam’s Urban Administration Hierarchy 
 
 
 
 
 
 
 
 
 
 
Adapted from World Bank (2011, p. 10) 
 
The Vietnamese government (VG) has implemented a variety of socio-economic 
policies in an attempt to foster a large distribution of urban development and economic 
growth. For instance, Government Decision No. 10/1998 on the urban system and 
development strategy to 2020, and No. 445/2009 on population growth of mega cities. 
The socio economic development strategy for the period 2011 to 2020 is with regard to 
the role of urbanization to promote Vietnam’s goals of industrialization and 
modernization. Figure 4.4 shows the strong co-movement of urbanization and economic 
development in Vietnam between 1990 and 2010. 
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Figure 4.4- Vietnam’s Urbanization and Economic Growth, 1990-2010 
  
Data from World Bank (2016) 
Note: Vietnam’s economic growth is computed by logarithm of GDP per capita, PPP (constant 2011 
international $). 
 
The rural population is much larger than the urban population (see Table 4.2). The rural 
population share was about 70% to 80% over the period 1990 to 2014 whereas the 
urban population is only 20% to 30% of the total population. The urban population 
growth rate has been larger than the rural growth rate over the period 1990 to 2014 and 
the rural population growth rate was negative in the years 1997, 2008, 2009, 2010, 2011 
and 2014. Therefore, with strong urbanization, it is suggested that the urban population 
will exceed the rural population by 2040 (UN 2008).  
 
  
0
5
10
15
20
25
30
35
1990 2000 2010
Urbaninzation rate (%) 
6.5
7
7.5
8
8.5
1990 2000 2010
ln(GDP per capita) 
 
84 
 
Table 4.2- Population in Urban and Rural Areas in Vietnam, 1990-2015 
POPULATION (thousand people)
 
 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Whole 
country 
66016 67242 68450 69644 70824 71996 73157 74307 75456 
Urban 12880 13227 13587 13961 14425 14938 15420 16835 17465 
Rural 53136 54015 54863 55683 56399 57057 57737 57472 57992 
 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Whole 
country 
76597 77631 78621 79538 80467 81436 82392 83311 84219 
Urban 18082 18725 19299 19873 20725 21601 22332 23046 23746 
Rural 58515 58906 59321 59665 59742 59835 60060 60265 60472 
 2008 2009 2010 2011 2012 2013 2014 2015  
Whole 
country 
85119 86025 86933 87840 88773 89760 90729 91709 
 
Urban 24673 25585 26516 27719 28269 28875 30035 31067  
Rural 60446 60440 60417 60121 60504 60885 60694 60642  
POPULATION SHARE (%) 
 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Urban 19.51 19.67 19.85 20.05 20.37 20.7 21.1 22.7 23.1 
Rural 80.49 80.33 80.15 79.95 79.25 79.3 78.9 77.3 76.9 
 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Urban 23.6 24.1 24.5 25.0 25.8 26.5 27.1 27.7 28.2 
Rural 76.4 75.9 75.5 75.0 74.2 73.5 72.9 72.3 71.8 
 2008 2009 2010 2011 2012 2013 2014 2015  
Urban 29.0 29.7 30.5 31.6 31.8 32.2 33.1 33.9  
Rural 71.0 70.3 69.5 68.4 68.2 67.8 66.9 66.1  
POPULATION GROWTH RATE (%) 
 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Urban 2.41 2.70 2.72 2.75 3.33 3.55 3.23 9.18 3.74 
Rural 1.80 1.65 1.57 1.50 1.29 1.17 1.19 -0.46 0.91 
 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Urban 3.53 3.32 3.06 2.97 4.29 4.23 3.38 3.20 3.04 
Rural 0.90 0.74 0.71 0.58 0.13 0.16 0.38 0.34 0.34 
 2008 2009 2010 2011 2012 2013 2014 2015  
Urban 3.90 3.69 3.64 4.54 1.98 2.14 4.02 3.44
 
 
Rural -0.04 -0.01 -0.01 -0.48 0.66 0.57 -0.31 -0.08  
Data from statistic yearbooks of General Statistics Office of Vietnam 
Note: Population growth rate from 2010 to 2013 adjusted by Vietnam Household Living Standards 
Survey 01/4/2014. 
 
Moreover, some international organizations have had many rural economic and 
infrastructure development projects for Vietnam (for example, the rural development 
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and agriculture Vietnam aided by the World Bank, the rural infrastructure sector project 
supported by the ADB with cost of US$150 million (ADB 2010)). The rural 
development course has achieved significant outcomes; poverty has been reduced and 
the incomes of rural households have increased. Table 4.3 shows that in 2000, overall 
per capita income in rural area was US$216 and after 10 years this figure increased four 
times. However, although the gap has narrowed over the period of 2000 -2010, there has 
been an income gap between urban and rural areas. For example, urban and rural areas 
had income levels of US$489 and US$216, respectively. In 2012, these figures were 
US$1722 and US$910, respectively. In contrast, the income gap within rural area has 
widened over the same period. In rural area, the highest income quintile and lowest 
income quintile earned US$470 and US$79 in 2000, respectively. In 2012, these figures 
were US$2083 and US$259 respectively. It means that the income gap between the 
lowest income group and the highest income group increased from 4.2 times in 2010 up 
to 8 times in 2012. 
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Table 4.3- Monthly Income per Capita in Vietnam in 2002, 2004, 2006, 2008, 2010, 
2012, and 2014 
Unit: thousand VND/month 
  2002 2004 2006 2008 2010 2012 2014 
URBAN              
Lowest income 
quintile 184.2 236.9 304.0 453.2 632.6 951.5 
 
1267.0 
Lower – mid 
income quintile 324.1 437.3 575.4 867.8 1153.5 1672.2 
 
2178.5 
Middle income 
quintile 459.8 616.1 808.1 1229.9 1611.5 2332.9 
 
2922.4 
Mid-upper 
income quintile 663.6 876.7 1116.1 1722.2 2268.4 3198.3 
 
4033.7 
Highest income 
quintile  1479.2 1914.1 2488.3 3752.4 4983.4 6794.4 
 
9421.0 
Overall 622.1 815.4 1058.4 1605.2 2129.5 2989.1 3964.5 
RURAL              
Lowest income 
quintile 100.3 131.2 172.1 251.2 330.0 450.2 
 
564.9 
Lower – mid 
income quintile 159.8 215.1 287.0 415.4 568.4 817.8 
 
1082.0 
Middle income 
quintile 217.7 297.6 394.4 583.1 820.5 1227.7 
 
1611.4 
Mid-upper 
income quintile 299.4 416.2 552.4 828.7 1174.6 1788.9 
 
2295.0 
Highest income 
quintile 598.6 835.0 1122.5 1733.6 2461.8 3614.8 
 
4640.9 
Overall 275.1 378.1 505.7 762.2 1070.4 1579.4 2038.4 
Data from Vietnam Household Living Standards Surveys (VLSSs) in 2002, 2004, 2006, 2008, 2010, 
2012, and 2014 
 
The rapid economy development in urban areas has not been linked harmoniously with 
rural areas. Urbanization has caused agricultural land to become industrial urban land 
with unsatisfactory compensation. Waste from urban and industry areas has been moved 
to the rural areas. Although urbanization and economic growth have created the chance 
to improve living standards, they have resulted in inequalities in terms of income, 
population health, and adverse environmental outcomes. Therefore, the Vietnamese 
government issued a national green growth strategy for the period 2011 to 2020 with a 
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vision to 2050; it is one important part of sustainable development and the national 
climate change efforts. 
 
4.3.4. Contribution of Industries to Economic Growth 
 
Strong activity in industry and services has driven the GDP growth since 1986.  A broad 
range of economic reforms in Vietnam has boosted productivity across sectors. Figure 
4.5 reveals that the distribution of the gross domestic product (GDP) across economic 
sectors in Vietnam from 1986 to 2014. In 1986, agriculture contributed around 38% to 
the GDP of Vietnam, 29% came from the industry and 33% from the services sector. 
Yet, in recent years, the service and industrial sectors’ annual growths of GDP has 
noticeably outpaced that of the agricultural sector. In 2014, agriculture’s contribution to 
GDP decreased to 18% whereas the industrial sector’s contribution significantly 
increased to 39%, there was a considerable increase in the services sector’s contribution 
(about 43%). The industrial and services sectors each account for about 40% of GDP, 
with the remaining 20% coming from the agricultural sector. Despite the agricultural 
sector’s low contribution to GDP, the reforms in the agricultural sector have led to 
higher yields and turned Vietnam into one of the largest rice exporters.  
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Figure 4.5- Contribution of Economic Sectors to GDP in Vietnam, 1986-2014 (%) 
 
 
 
Data from the World Bank (2016) 
 
Table 4.4 reveals the annual growth rate of GDP and sectors in Vietnam over the period 
of 1986 to 2014. The output in the industrial and services sectors has increased at 
comparable annual rates of approximately 8%, whereas the agricultural sector has 
expanded at a more modest rate of 3%. Moreover, Vietnam’s economic growth has been 
contributed to by globally competitive tradable industries (Breu et al. 2012). 
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Table 4.4- Vietnam’s Annual Growth Rate of GDP and Sectors, 1986-2014 
Unit: % 
 
1986 1987 1988 1989 1990 1991 1992 1993 
Total GDP 2.8 3.6 5.1 7.4 5.1 6.0 8.6 8.6 
Agriculture 3.0 -1.1 3.6 7.0 1.0 2.2 6.9 3.3 
Industry 10.9 8.5 5.0 -2.6 2.3 7.7 12.8 12.6 
Services -2.6 4.5 6.6 15.1 10.2 7.7 7.5 8.6 
 1994 1995 1996 1997 1998 1999 2000 2001 
Total GDP 8.8 9.5 9.3 8.2 5.8 4.8 6.8 6.2 
Agriculture 3.4 4.8 4.4 4.3 3.6 5.2 4.6 3.2 
Industry 13.4 13.6 14.5 12.6 8.3 7.7 10.1 8.6 
Services 9.6 9.8 8.8 7.2 5.0 2.3 5.3 6.0 
 2002 2003 2004 2005 2006 2007 2008 2009 
Total GDP 6.3 6.9 7.5 7.5 7.0 7.1 5.7 5.4 
Agriculture 4.2 3.7 4.5 4.2 3.8 4.0 4.7 1.9 
Industry 7.2 9.4 9.9 8.4 7.3 7.4 4.1 6.0 
Services 6.8 6.5 7.1 N/A N/A 8.5 7.6 6.5 
 
2010 2011 2012 2013 2014 2015   
Total GDP 6.4 6.2 5.2 5.4 6.0 6.7   
Agriculture 3.3 4.0 2.7 2.6 3.5 2.4   
Industry 7.2 6.7 5.7 5.4 7.1 9.6   
Services 7.2 6.8 5.9 6.6 6.0 6.3   
Data from the World Bank (2016) 
 
4.4. Environmental Issues, Institutions and Policies 
 
4.4.1. Environmental Issues 
 
Accompanying the considerable achievements in the process of economic development 
since the reformation, Vietnam has had a significant increase in per capita GHG 
emissions at both the national and regional levels. Industrialization and urbanization, 
fuelled by intense natural resources exploitation, have intensified their contribution to 
fast economic growth over the past decades. The rapid industrialization and 
urbanization have meant that air, water and land pollution are rapidly rising. An annual 
average of 6,820,000 tons of carbon monoxide (CO), 667,000 tons of sulphur oxides 
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(SOX), and 618,000 tons of nitrogen oxides (NOX) are produced (MONRE 2011). 
Because of sea pollution, environmental disasters, such as fish deaths along the south-
central coast and in West Lake in Ha Noi, have occurred in Vietnam. 
 
Vietnam’s industrialization has increased energy consumption that has led to a 
corresponding increase in GHG emissions. According to ‘Vietnam's second national 
communication to the United Nations framework convention on climate change’ 
(2010), GHG emissions from energy consumption accounted for 35% of total GHG 
emissions in 2000, in comparison with 24.7% in 1994. The agricultural sector had a 
high contribution to total GHG emissions, but with a downward trend; about 50.5% in 
1994 and 43.1% in 2000. 
 
Due to the upward trend in total energy consumption and the heavy dominance of fossil 
fuels, Vietnam’s national GHG emissions (177 tons of carbon dioxide equivalent in 
2005) are predicted to triple by 2030 (World Bank 2011, p. 26). Per capita carbon 
dioxide equivalent at the regional and national levels in Vietnam went up significantly 
between 2000 and 2010 (see Table 4.5). 
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Table 4.5- Per Capita Carbon Dioxide Equivalent Emissions (Tons) in Vietnam
7
 
Year 
Red 
River 
Delta 
Northern 
midlands 
and 
mountain 
areas 
North 
Central 
and 
Central 
coast 
areas 
Central 
Highlands 
South 
East 
Mekong 
River 
Delta 
Whole 
country 
2010 2.4682 2.7388 2.6369 2.4390 2.0403 2.7922 2.5307 
2009 2.3688 2.6388 2.5439 2.3368 1.9400 2.7917 2.4511 
2008 2.2259 2.4923 2.4050 2.1896 1.7961 2.5218 2.2882 
2007 2.0757 2.3273 2.2502 2.0321 1.6431 2.4371 2.1472 
2006 1.9588 2.1914 2.1233 1.9073 1.5160 2.3267 2.0271 
2005 1.9228 2.1400 2.0384 1.8061 1.4721 2.1837 1.9563 
2004 1.8448 2.0505 1.9691 1.7456 1.3948 2.1924 1.8969 
2003 1.7102 1.8992 1.8182 1.5822 1.2488 1.9400 1.7334 
2002 1.6182 1.7989 1.7112 1.4666 1.1529 1.8521 1.6375 
2001 1.4985 1.6744 1.5932 1.3412 1.0339 1.7194 1.5163 
2000 1.4101 1.5700 1.5077 1.2730 0.9487 1.6631 1.4366 
Calculated using data from annual statistic handbooks of the General Statistics Office of Vietnam, and the 
World Bank database 
 
Vietnam has had a fast urban transition that is one of the main driving forces for its 
economic growth. Vietnam was home to 91 million people in 2014, of which 31% live 
in urban areas (GSO 2014). This figure is expected to increase to 45% by 2020 and to 
50% by 2030 (ADB 2013, p. 3). Urbanization caused the loss of 73,300 hectares of 
cultivated land each year of the period 2001 to 2005, affecting the lives of 2.5 million 
farmers (ADB 2013, p. 3).  
 
In recent years, various studies have examined climate change challenges for Vietnam 
(MONRE 2003; ISPONRE 2009; MONRE 2010), with a particular focus on the 
Mekong Delta and the Red River Delta regions (ADB 2009; ADB 2011). Table 4.6 
summarizes the climate change scenarios in Vietnam by 2020. 
                                                 
7
 The estimated data about CO2 equivalent emissions is composed of carbon dioxide emissions stemming 
from the burning of fossil fuels and the manufacture of cement, CO2 equivalent emissions from the rice 
cultivation, and from livestock farming (including non-dairy cattle, buffalo, swine and poultry). The 
estimate of the CO2 equivalent emissions was by following the guidelines of IPCC 1996 (the revised 
version), the results of Vietnam’s local methane measurement experiment 1998-1999 cited in MONRE 
(2003, p. 38), and the data obtained from GSO’s annual statistic handbooks and the World Bank database. 
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Table 4.6- The Climate change scenarios in Vietnam by 2020 (relative to the 1980-
1999 level) 
 The Northern climate zones The South climate zone 
1. Annual temperatures   
The low climate change 
scenario: 
Rise by 1.6
o
C to 1.9
o
C Rise by 1.2
o
C to 1.4
o
C 
The medium climate 
change scenarios 
Rise by 2.4
o
C to 2.6
o
C 
Rise by 2.8
o
C in North Central 
Rise by 1.9
o
C to 2.0
o
C 
The high climate change 
scenarios 
Rise by 3.1
o
C to 3.3
o
C 
Rise by 3.6
o
C in North Central 
Rise by 2.4
o
C to 2.6
o
C 
2. Annual rainfall   
The low climate change 
scenario: 
Rise by 1.4% to 1.8% Rise by 0.3% to 0.7% 
The medium climate 
change scenarios 
Rise by 1.4% to 1.8% Rise by 0.3% to 0.7% 
The high climate change 
scenarios 
Rise by 1.4% to 1.8% Rise by 0.3% to 0.7% 
3. The sea level Rise by 28 cm to 33 cm 
Source: MONRE 2010, pp. 61-62. 
 
Temperatures in winter are likely to rise faster than in summer in all climate zones. 
Temperatures in the north of Vietnam are predicted to increase at a faster rate than 
temperatures in the south. By 2020, for the low, medium and high climate change 
scenarios the annual average temperatures for four northern climate zones are predicted 
to rise by 0.5
o
C relative to the 1980-1999 level. The remaining three southern climate 
zones are set to show a smaller increase of 0.3
o
C to 0.4
o
C. According to the low 
scenario, the northern climate zones are expected to reach 1.6
o
C to 1.9
o
C higher annual 
mean temperature than in the period 1980 to 1999. For the medium scenario, 
temperatures are likely to rise by 2.4
o
C to 2.6
o
C, except for the North Central zone with 
a temperature rise of more than 2.8
o
C. For the high scenario, the temperature is 
projected to increase by 3.1
o
C to 3.3
o
C in most zones, but go up to 3.6
o
C for the North 
Central zone. From the South Central zone and southwards, temperatures will be 1.2
o
C 
to 1.4
o
C over 1980-1999 levels with respects to the low scenario. An increase of 1.9
o
C 
to 2.0
o
C is projected for the medium scenario, and 2.4
o
C to 2.6
o
C for the high scenario. 
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By 2020, total annual rainfall is predicted to increase by 1.4% to 1.8% for the North and 
0.3% to 0.7% for the South over 1980-1999 levels for all scenarios. By 2050, rainfall 
increases by 3.6% to 4.1% in the North, but only by 0.7% to 1.7% in the South. By 
2100, rainfall is projected to increase by 4.8% to 5.2% in the low scenario, from 7.3% to 
7.9% in the medium scenario, and from 9.3% to 10.1% in the high scenario. However, 
rainfall is expected to decrease during the dry season in almost all regions but mostly in 
the South where, in contrast, it is likely to increase in the rainy season. 
 
According to the B1, B2, and A1FI scenarios
8
, the sea level is projected to rise 28 cm to 
33 cm by the mid-21
st
 century and by 65 cm to 100 cm by the end of the 21
st
 century 
above 1980-1999 levels. An increase in annual mean temperatures, rainfall and sea-
levels would have an impacts on water resources and coastal zones (e.g. by increasing 
the flood area, intensity and duration, and by increasing the risks for coastal 
ecosystems). Agricultural production, animal husbandry, forestry, energy and 
transportation would be impacted through an increase in energy demand, and damage to 
power infrastructure and transportation infrastructure damages. As well, human health 
would be negatively impacted with an increase in the incidence of diseases, and deaths 
(IPCC 2000, pp. 63-90). 
 
  
                                                 
8
 The B1 scenario describes “a convergent world with the same global population that peaks in mid-
century and decreases thereafter with rapid changes in economic structures toward a service and 
information economy, reductions in material intensity, and the introduction of clean and resource-
efficient technologies” (IPCC 2000, p. 5). The B2 scenario describes “a world in which the emphasis is on 
local solutions to economic, social and environmental sustainability” (IPCC 2000, p. 5). The A1FI is a 
high emissions scenario with a fossil fuel intensive technological emphasis (IPCC 2000, p. 5). 
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4.4.2. Environmental Institutions and Policies 
 
This section overviews the institutional framework of environmental management and 
environmental policies in Vietnam. The structure of environmental management in 
Vietnam is divided into four levels of government: (1) national level, (2) provincial 
level, (3) district level (urban district, rural district, and town), and (4) commune 
(ward/precinct, town districts, and communes), village and hamlet level (see Figure 
4.6).  
 
 
 
9
5
 
Figure 4.6- Structure of Environmental Management in Vietnam 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: Line Ministries include Ministry of Transport (MOT), Ministry of Health (MOH), and Ministry of Construction (MOC). 
Source: CAI-Asia 2009 cited in CAI-Asia (2010, p.14) 
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Environmental management responsibility in Vietnam is spread across all ministries. 
However, “the Ministry of Natural Resources and Environment (MONRE) has the 
primary responsibility for the oversight and facilitation of environmental quality 
standards, land administration, and sustainable natural resources use and 
conservation. Implementation responsibility is devolved to provincial and district 
levels” (ADB 2013, p. 12). The Ministry of Natural Resources and Environment is 
responsible for planning the five-year and ten-year plans for natural resources and 
environment protection. Moreover, the Ministry of Natural Resources and Environment 
administers laws and legations regarding environmental protection. 
 
Additionally, stakeholders play vital roles in environmental management. Stakeholders 
include government agencies, non-government organizations, academe, development 
agencies and foundations, and the private sectors (CAI-Asia 2010). Environmental 
protection is a right and responsibility of State bodies, organizations, households and 
individuals (Article 4, Chapter I of the 2005 Law on Environmental Protection). 
 
Vietnam is one of the first nations to ratify the United Nations Framework Convention 
on Climate Change (UNFCCC) and has been planning and implementing GHG 
mitigation solutions as follows: 
(1) “Two hundred and fifty four Clean Development Mechanism (CDM) projects 
accredited and registered by the CDM Executive Board (EB) in June 2015. 
Vietnam is ranked number four internationally for number of projects, with a 
total GHG reduction amount of approximately 137.4 million tonnes CO2 
equivalent in the credit period. Among the 254 projects, energy projects account 
for 87.6%, waste treatment for 10.2%, reforestation and afforestation for 0.4% 
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and other projects for 1.8%. To date, more than 12 million Certified Emission 
Reductions (CERs) credits have been issued by the EB for Vietnam, which is 
ranked eleventh in the world” (VG 2015, p. 2). 
(2) “Policies on energy saving and efficiency, such as the National Target 
Programme on Energy Efficiency (2006), the Law on Economical and Efficient 
use of Energy (2010). The Government has prioritized policies, such as 
renewable energy development, consistent with Vietnam’s mitigation potential 
and conditions, in order to contribute to energy security and environmental 
protection. Policies encouraging energy savings and efficiencies in production 
and daily life through the application of energy saving and renewable energy 
technologies are also a priority” (VG 2015, p. 2). 
(3) “Efforts in forest protection, afforestation and reforestation. Vietnam is one of 
the countries participating in Reducing Emissions from Deforestation and 
Forest Degradation, sustainable management of forests, conservation of forest 
carbon stocks and enhancement of forest carbon stocks and enhancement of 
forest carbon stocks (REDD+)” (VG 2015, p. 2). 
(4) “Developing and preparing for the implementation of Nationally Appropriate 
Mitigation Actions (NAMAs), as well as the registration and implementation of 
carbon credit projects according to the Verified Carbon Standard (VCS) and the 
Gold Standard (GS)” (VG 2015, p. 3). 
 
With regard to Vietnam’s policy framework to support the implementation of GHG 
emissions mitigation, legal documents and policies on climate change include “Law On 
Environment (6/2014); Law On Economical And Efficient Use Of Energy (6/2010); 
Resolution No. 24-NQ/TW on Pro-actively Responding To Climate Change, Enhancing 
 
98 
 
Natural Resource Management And Environmental Protection (6/2013); National 
Climate Change Strategy (12/2011); National Green Growth Strategy (9/2012); 
Decision 1775/QĐ-TTg on Management Of GHG Emissions; Management Of Carbon 
Credit Trading Activities To The World Market (11/2012)” (VG 2015, p. 5). 
 
4.5. Population Health and Health Care System 
  
4.5.1. Population Health and Determinants  
 
This section concentrates on economic determinants and environmental determinants of 
population health in Vietnam. This section has two subsections. Subsection 4.5.1.1 
discusses economic growth and population health. Subsection 4.5.1.2 focuses on the 
environment and population health. 
 
4.5.1.1. Income and Public Health 
 
This section concentrates on some main determinants of population health in Vietnam, 
including economic determinants (economic growth, living standards and income 
inequality, and health services), and climate change. Generally, health indicators are 
found to be more favourable in higher income or higher GDP per capita countries.  
 
The literature suggests variation in health care expenditure can be explained by 
variation in GDP. Preston (1975) analysed the dataset of 155 countries and 
demonstrated a positive relationship between national income and life expectancy. The 
reason for this interplay is that higher incomes allow greater access to inputs that 
 
99 
 
improve health; for example clean water and environmental sanitation, food, and health 
care services (Spence & Lewis 2009, p.55). Without exception, this argument might be 
tested for the case of Vietnam. Per capita GDP in Vietnam has increased from US$337 
in 1996 to US$1755 in 2012.  
 
Life expectancy at birth has increased considerably, from about 72.4 years in 1996 to 
75.6 years in 2012; an increase of 3.2 years (see Figure 4.7). However, wide differences 
between economic regions in life expectancy at birth remain. The life expectancy at 
birth of people living in disadvantaged socioeconomic development regions (the 
Northern midlands and mountain areas, and the Central highlands) is lower than life 
expectancy in advantageous socioeconomic development regions (the Red River Delta, 
the South East and the Mekong River Delta) (see Figure 4.8).  
 
Household per capita income continues to increase, leading to improvements in living 
standards and increased health care expenditure; both of which have a positive effect on 
health. Nevertheless, considerable income inequality between urban and rural areas and 
between regions remains. Per capita income in the South East was about 2.5 times 
higher than in the Northern midland and mountain areas in 2012 (see Figure 4.9), and 
the poor and ethnic minorities in mountainous and remote areas have not benefited fully 
from the economic development (MOH 2007, p. 13). Therefore, health care expenditure 
in these areas has been less (see Figure 4.10).  
  
 
100 
 
Figure 4.7- GDP per Capita, Health Expenditure per Capita, and Life Expectancy 
in Vietnam, 1996-2014 
 
 Data from World Bank (2016) 
 
Figure 4.8- Life Expectancy at Birth by Region in Vietnam, 2010-2015 
 
  Data from Statistical Yearbook of Vietnam (GSO 2016) 
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Figure 4.9- Annual Income per Capita in Vietnam, 2008-2014 
 
 Data from Vietnam Household Living Standards Surveys in 2008, 2010, 2012, and 2014 
 
Figure 4.10- Annual Health Care Expenditure per Person in Vietnam, 2008-2014 
 
Data from Vietnam Household Living Standards Surveys in 2008, 2010, 2012, and 2014 
 
In addition to economic factors, the environmental issues have had negative impacts on 
population health in Vietnam. Section 4.5.1.2 provides an overview of the environment 
and population health in Vietnam. 
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4.5.1.2. The Environment and Population Health 
 
Similar with other Southeast Asian developing countries, Vietnam has been faced with 
environmental pollution-related health issues and climate change-induced diseases, 
especially in mountainous, disadvantaged rural, remote and isolated areas.  
 
The environmental pollution in urban areas, especially air pollution, is mainly the 
outcome of the heavy traffic and construction. Many health issues are correlated to air 
pollutants, with the highest risk among patients with respiratory and heart disease and 
the elderly (MOH 2006, p. 84). In 2012, respiratory diseases had the highest prevalence 
in Vietnam (MOH 2012, p. 207). The systematic review and meta-analysis by Byrne et 
al. (2015) revealed that in tuberculosis endemic regions, tuberculosis is strongly related 
with chronic respiratory disease. The World Health Organization (2015) identified that 
in 2014 Vietnam ranked 11th out of the 22 highest tuberculosis-burden countries in the 
World. Tuberculosis is in the top ten causes of death in Vietnam
9
 
 
Climate change effects on population health can be categorized into direct and indirect 
effects. The direct effects include changes in customs and lifestyle, and the direct 
impacts of climate. In Vietnam, a temperature increase of 2
o
C to 3
o
C by the end of the 
21
st
 century leads to an increase of 7 watt/m
2 
to 14 watt/m
2
 of the annual and monthly 
Human Balance Index (HBI) in 2081 to 2100 against those of 1991 to 2000 (MONRE 
2010, p. 85). In the North, extension of summers and truncation of winters by one to 
two months impacts on the population’s health, circadian rhythm, habits and customs; 
                                                 
9
 See more in http://www.worldlifeexpectancy.com/country-health-profile/viet-nam, last visited 20
th 
October 2016.  
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particularly for children and the elderly (MONRE 2010, p. 85). Additionally, rising 
temperature increases the intensity of heat waves and increases the incidence of climate-
related diseases such as dengue fever, malaria and diarrhoea disease.  
 
Indirect effects of climate change on population health are those climate changes that 
result in changes in ecosystems and increases in pathogenic bacteria and parasites 
causing the spread of climate-related diseases such as malaria, diarrhoea disease, and 
dengue fever. According to Vietnam’s second national communication to the United 
Nations framework convention on climate change (MONRE 2010, p. 87), in the 1990s, 
the number of diarrhoea disease cases accounted for 500 cases per 100,000 persons and 
was predicted to double by 2020 and increase 11.6 times by 2100. 
 
To sum up, population health has been determined by economic growth and the quality 
of the environment. On the other hand, the health status of the population depends on 
the health care service system. The next section provides an overall description of the 
Vietnamese healthcare service system. 
 
4.5.2. Healthcare Service System 
 
According to MOH (2007, pp. 19-20), Vietnam’s health facilities are established at four 
levels: the central level, the provincial level, the district level, and the commune level. 
At the central level, the Ministry of Health (MOH) or the People’s Committees of large 
cities manage general and specialized hospitals where curative care services involving 
modern techniques and intensive specialties are provided. At the provincial level, 
provincial hospitals have the function of treating and receiving patients whose health 
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conditions are beyond the capacity of the district level. At the district level, district 
hospitals treat common diseases, resolve emergencies and admit inpatients for treatment 
using basic healthcare techniques. At the commune level, the commune/ward health 
stations provide outpatient and primary health care services. Village health staffs in the 
commune health stations are responsible for implementing health education and 
providing home-based primary health care for the people and community. 
 
Vietnam’s national annual health report 2007 (MOH 2007, p. 73) recognized some 
weaknesses in its health facilities: (1) poor investment in their infrastructure, (2) lack of 
human resources, particularly a shortages of number of doctors in district hospitals and 
in mountainous provinces, and (3) the poor quality of health care services at provincial, 
district and commune levels.  
 
Recently, the private health sector has been encouraged to develop in Vietnam. 
Generally, it has performed strongly in better-off regions. However, the private health 
sector mainly focuses on investment in outpatient care and the performance of simple 
and easy-to-recover-cost techniques (MOH 2007, p. 74). 
 
The Vietnamese health workforce has improved in terms of quality and size in recent 
years. According to Vietnam’s joint annual health review 2012 (MOH 2012), the 
number of doctors and assistant doctors per 10,000 population increased from 12.52 in 
2009 to 13.4 in 2010. The number of doctors per 10,000 people rose from 6.6 in 2009 to 
7.2 in 2010. In 2011, the percentage of communes with a doctor reached 72%. The 
percentage of villages with active health staffs increased from 75.8% to 82.9%. 
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The ratio of Vietnamese physicians to population is higher than in the rest of the 
Southeast Asian region, but much lower than in other developed regions like the 
Americas and European regions. In these developed regions, the ratio of nurses and 
midwifes to population is much higher than that of physicians (see Figure 4.11). 
 
Figure 4.11- Number of Vietnamese Health Care Workers per 10,000 People 
Compared with Southeast Asia, the Americas and Europe, 2006-2013 
 
 
 
Data from World Health Report (WHO 2014, pp. 136-138) 
 
 
Most health staffs have been concentrated in mega cities and urban areas. Very few 
doctors work in the isolated and remote regions of the Central Highlands and the 
Mekong River Delta (see Figure 4.12) because they receive lower incomes in these 
regions compared to incomes in urban regions (MOH 2007, pp. 35-36).  
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Figure 4.12- Number of Doctors in Vietnam by Region, 2013 
 
Data from Statistical Yearbook of Vietnam (GSO 2013) 
 
The technology and technical competence in Vietnamese health care facilities is at a 
low level. For example, in 2013 Vietnam had 0.4 radiotherapy units per million people 
while the Americas and the European region had 5.3 and 4 radiotherapy unit per million 
respectively (see Table 4.7). However, this figure in Vietnam was higher than the 
average in the Southeast Asian region. 
 
Table 4.7- Infrastructure and Technology for the Health System in Vietnam and 
Other Regions, 2006-2013 
 
Hospital beds Psychiatric beds Radiotherapy units 
 
 (per 10,000 
population) 
 (per 10,000 
population 
 (per million 
population) 
 
2006-2012 2006-2010 2013 
Vietnam 20 1.8 0.4 
Southeast Asian Region 10 0.3 0.3 
Region of the Americas 23 2.3 5.3 
European Region 53 6.3 4 
Adapted from World health report (WHO 2014, pp. 136-138) 
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4.6. Summary and Conclusion 
 
This chapter provides an overview of economic development, environment and health in 
Vietnam. The main findings of this chapter are summarized as follows.  
 
Firstly, the development of the Vietnamese economy since the reformation has 
increased household incomes, living standards, and health care expenditure and has led 
to an increase in life expectancy. Disparities in income, population health and the 
environment have been growing. People living in mountainous, isolated and remote 
areas have been fraught with many difficulties. Their income, living conditions, and 
health care service have been much lower than for people living in other urban areas. 
People living in the remote regions in Vietnam have had lower incomes and a lower life 
expectancy at birth than other more developed regions (e.g. the Red River Delta, South 
East and Mekong River Delta). 
 
Secondly, accompanying the ongoing industrialization and urbanization of Vietnam is 
environmental pollution that is becoming increasingly serious because of emissions. 
Environmental pollution has resulted in adverse effects on population health. It causes 
severe environmental pollution-related diseases such as respiratory disease, 
tuberculosis, malaria, diarrhoea disease, and dengue fever. In particular, tuberculosis 
has been one of the leading causes of death in Vietnam. Despite the number and quality 
of health care services having improved over the past years, health infrastructure and 
technology have been at a low level compared with the health infrastructure and 
technology available in the developed regions of the world.  
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Thirdly, by understanding the challenges of economic development, environment and 
population health, the Vietnamese government has indicated the importance of 
protecting the environment for sustainable long-term benefits to the people and for the 
long-term prosperity of the nation. Environmental pollution causing the recent 
environmental disasters in Vietnam has highlighted the risks of rapid economic growth 
on a sustainable environment. The Vietnamese government has become increasingly 
aware of the environmental and population health issues of speedy economic 
development.  
 
In conclusion, Vietnam has barely begun to become an industrialized and modern 
economy. However, Vietnam faces many challenges of development; inequality 
problems among its regions, environmental pollution, and health issues. The next 
chapter analyses the variations of the interrelated factors indicated in the conceptual 
framework as measures of development between and within regions in Vietnam. These 
interrelated factors are income, emissions, health services and population health. To 
analysing these variations, Vietnam is classified into the six regions mentioned in 
Section 4.2: the Red River Delta, the South East, the Northern Midlands and Mountains, 
the North Central and Central Coast, the Central Highlands, and the Mekong River 
Delta.  
 
Regarding environmental and health threats of development and based on the theoretical 
derivations from the conceptual framework chapter, Chapter Six examines 
interrelationships between output, emissions and health in Vietnam. Chapter Six uses 
the panel dataset that contains observations of Vietnam’s provinces over the period of 
2000 to 2010.  
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CHAPTER FIVE - VARIATIONS IN INCOME, EMISSIONS, AND HEALTH IN 
VIETNAM: THEIL ENTROPY INDEX AND ITS DECOMPOSITION 
 
5.1. Introduction 
 
This chapter describes the analysis of the variations of the interrelated variables 
emphasized in the conceptual framework as measures of development. The variables are 
income, emissions, health services and population health between, and within, six 
regions in Vietnam.  
 
The empirical literature shows that previous studies have addressed inequalities in 
variables of development across countries or individual countries. Some examples of 
the inequalities that have been studied include income inequality (Kuznets 1955; 
Paukert 1973; Ahluwalia 1976; Bhandari et al. 2010; Xie & Zhou 2014), emission 
inequality (Heil & Wodon 1997; List 1999; Hedenus & Azar 2005; Duro & Padilla 
2006; Levy et al. 2010), and health inequality (Morris et al. 2005; Marmot 2013). 
Studies indicate that inequality in Vietnam has been a result of Vietnam’s economic 
development process. Researchers have examined income and expenditure inequality 
across urban and rural areas in Vietnam (Glewwe et al. 2000; Fritzen 2002; Glewwe et 
al. 2004; Nguyen et al. 2007; Cao & Akita 2008; Le & Booth 2010), income and 
expenditure inequality among Vietnam’s ethnic minorities (Imai et al. 2011), and 
inequality in the health sector in Vietnam (Wagstaff et al. 2003). However, the literature 
suggests that inequality in the factors associated with economic growth, the 
environment and health have not been adequately integrated in special context of 
Vietnam.  
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This chapter describes the variations in income, emissions, health services (number of 
patient beds as a proxy) and population health (tuberculosis prevalence as a proxy) 
between and within six regions in Vietnam. The decomposition method of the Theil 
index (Theil 1967) is used to provide an overall picture of the between-region and 
within-region variations of these interrelated variables in Vietnam with observations of 
all provinces. 
  
The chapter is organized as follows: the methodology is described in section 5.2, 
variables and data are presented in section 5.3, the results are discussed in section 5.4 
and conclusions are presented in section 5.5. 
 
5.2. Methodology  
 
The literature reviewed in Chapter Two suggests that Theil entropy index’s 
decomposition analysis by population subgroup into within-group and between-group 
terms (Theil 1967; Foster 1983), is the best approach to studies of inequality. In other 
words, Theil index is a complete decomposition of the overall level of the inequality 
into within-region inequality and between-region inequality.  
 
The literature shows that many empirical studies have used Theil’s inequality index to 
address the variations in income and emissions. For example, Padilla and Serrano 
(2006) apply Theil’s inequality index to decompose the overall inequality for 
international emissions and argue that disparity between the developed and developing 
world is the primary cause of global emissions inequality. Similarly, by decomposing 
China’s CO2 emissions into its inter-regional and intra-regional components, Clarke-
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Sather et al. (2011) find a significant inequality in emissions between regions, and a 
high income inequality within regions in China.  
 
In short, the Theil’s inequality measure can distinguish between sub-populations, 
considers geographical conditions, and allows the elaboration of the internal inequality 
in each sub-aggregate (intra) and of the inequality between sub-aggregates (inter) (Poli 
2015). Conceição and Ferreira (2000, p.13) argues that “the Theil index provides a 
measure of the discrepancies between the distribution of income and the distribution of 
population between groups”. In particular, “the Theil index compares the income and 
population distribution structures by summing, across groups the weighted logarithm of 
the rate between each group’s income and population shares” (Conceição & Ferreira 
2000, p.13). When this rate is equal to one, then the contribution of this group to 
inequality is zero. Another advantage of the Theil index that it is sensitive to transfers of 
income from one group to another group, and that this sensitivity increases with the 
width of the disparity between groups.  
 
According to Conceição and Ferreira (2000, p.13), the Theil index is always positive, 
however the contributions of each group might be negative. Indeed, for some groups 
they have to be negative since their income share is lower than their population share 
and the logarithm of the rate between the income and population shares is negative. The 
negative contribution has two important impacts: “(1) it means that the Theil index 
approaches zero as the distribution becomes more equal faster, first, and then slower, 
than in a linear way, (2) the deviation from linear behaviour is due to the shape of the 
negative contribution which gives the Theil curve its concavity” (Conceição & Ferreira 
2000, p. 15).  
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Because of the advantages of the Theil index, the Theil’s entropy coefficient was used 
for this present study of the variations of the interrelated factors of income, emissions, 
health services and population health indicated in the conceptual framework as 
measures of development. This section describes the methodology used for assessing 
the variations of these factors between and within six regions in Vietnam.  
 
To compute variations of the interrelated factors of development between and within six 
regions in Vietnam, Vietnam’s population hierarchy with three levels is shown in Figure 
5.1. The root node is represented as Vietnam from which is extracted the total level of 
inequality in Vietnam. The second layer of nodes represents the regional level that 
includes six regions (Red River Delta, North Midlands and Mountain, North Central 
and Central Coast, Central Highlands, South East, and Mekong River Delta). Finally, 
the leaf nodes represent the provincial level, including 60 provinces
10
. 
 
Figure 5.1- Vietnam’s Population Hierarchy for Analysing the Variations Between 
and Within Six Regions in Vietnam 
 
 
 
 
 
 
 
 
 
                                                 
10
 There have been 63 provinces since 2004. However, this present study employed a sample composed of 
60 provinces of Vietnam with assumption that provinces (Dien Bien, Lai Chau, Dak Nong, Dak Lak, Can 
Tho, and Hau Giang) have not separated into independent provinces (see Table A4.1 of the Appendix). 
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The subscripts i  and k  are used to indicate provinces and economic regions 
respectively. X is denoted as variables of income, emissions, health services and 
population health. Equation (5.1) depicts Theil’s index formulae of inequality in 
income, emissions, health services and population health: 
log log logik k ik ik kik k k
k i k k iik k k ik k
X X X X X
X X X
P P X P P
   
    
   
      (5.1) 
       Overall inequality         Between-region inequality        Within-region inequality 
       (National inequality)                                              
 
where, 
 
ikX  is share of the variable X of province i affiliated to region k of the national level of the 
variable X; 
 
 kX  is share of the variable X of region k  of the national level of the variable X;  
 
ikP  is population share of province i  affiliated to region k of the national population; and 
 
kP  is population share of region k of the national population. 
 
5.3. Variables and Data Description 
 
For the analysis, income is chosen as the proxy for economic growth, carbon dioxide 
equivalent emissions as a proxy for environmental performance, number of patient beds 
(NPB) as a proxy for health services, and tuberculosis’s prevalence (TUB) as a proxy 
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for population health. The following subsections describe the data of these selected 
variables. 
 
5.3.1. Income Per Capita 
 
Economic growth is fundamental to economic development. Gross domestic product 
(GDP) per capita and income per capita are the most relevant, meaningful and popular 
measures of economic growth. In addition to GDP and income per capita, other 
indicators, such as household consumption, government spending, employment, 
savings, investment, capital stock, imports, and exports, are relevant to economic 
growth. For the analysis of the variations, per capita income in the years 2002, 2004, 
2006, and 2010 at provincial level was used. Annual income per capita at the provincial 
level was calculated from the data on monthly per capital income at the provincial level 
in 2002, 2004, 2006, 2008, and 2010. This data was obtained from the Vietnam 
household living standards surveys (VHLSS) in 2002, 2004, 2006, 2008, and 2010 
published by the General Statistic Office Vietnam. The VHLSS were conducted nation-
wide with annual household sample size as shown in Table 5.1. Randomly selected 
household surveys on income in the number of communes or wards were representative 
at national, regional, urban, rural and provincial levels. The VHLSS used face-to-face 
interviews with household heads and some commune officials in communes or wards 
containing sample enumeration areas. 
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Table 5.1- Sample Size of the VHLSS on Income in 2002, 2004, 2006, 2008, and 
2010 
 Number of households Number of communes/wards 
The VHLSS 2002 45,000 3,000 
The VHLSS 2004 45,900 3,063 
The VHLSS 2006 45,945 3,036 
The VHLSS 2008 36,756 3,063 
The VHLSS 2010 69,360 3,133 
Source: GSO (2002; 2004; 2006; 2008; 2010)  
 
 
5.3.2. Carbon Dioxide Equivalent Emissions Per Capita 
 
Carbon dioxide equivalent emissions per capita is the environmental indicator chosen 
for analysis in this study. Environmental performance indicators have been identified as 
essential tools for environmental measurement and assessment to improve local, 
national, regional and global sustainable development and environmental management. 
Environmental performance indicators can be measures and statistics. They include 
chemical, biological, ecological, and physical measurements that identify critical 
elements of an ecosystem. The standard environmental indicators are classified into the 
indicator groups including atmosphere, land and water (Kurtz et al. 2001 cited in 
Petrović et al. (2012) (see Table 5.2).  
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Table 5.2- The Environmental Indicators of Atmosphere, Land and Water 
Environmental 
themes 
Environmental 
sub-themes 
Environmental indices  
Atmosphere Climate change GHG emissions such as carbon dioxide 
(CO2), methane and nitrous oxide   
Ozone layer 
depletion 
Consumption of ozone depleting substances 
Air quality Ambient concentration of air pollutants in 
urban areas and industrial zones such as 
particulate matter, COx, and NOx 
Number of means of transportation 
Land Agriculture Permanent and arable crop land area 
Agricultural pesticide usage 
Forests Rate of forest land area 
The intensity of harvesting wood 
Desertification Land impacted by desertification 
Urbanization Area of urban settlements 
Fresh water Water quantity Usage of water and its effect on water 
sources and ecosystems 
Reused and recycled water 
Rate of renewable quantities of water from 
the sources 
Water quality Biochemical oxygen demand in water bodies 
Concentration of faucal coli forms in fresh 
water 
Water discharge 
Amount of waste 
Adapted from Kurtz et al. (2001) cited in Petrović et al. (2012, p. 9) 
 
Table 5.2 shows the environmental indices of atmosphere, land and water. These 
indicators are probably good proxies to the environmental performance and used for 
empirical analysis. However, these indicators are not enough available at provincial 
level in Vietnam. Moreover, most environmental economists have been concerned about 
GHG in the process of economic development. According to the report on Climate 
Change 2007: The Physical Science Basis (Solomon 2007), emissions of GHGs create a 
rise in the temperature of the surface of the Earth that subsequently leads to climate 
change. The main GHGs are carbon dioxide, methane, nitrous oxides, ozone, and 
chlorofluorocarbons. These gases are emitted through human and economic activities in 
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the industrial, agricultural sectors and other sectors. Of these, carbon dioxide is largely 
responsible for the greenhouse effect.  
 
The report on Vietnam's second national communication to the United Nations 
framework convention on climate change (MONRE 2010) concludes that the main 
sources of GHG emissions in Vietnam’s agriculture sector are rice cultivation, 
livestock, agricultural soil, savanna burning, and burning of agricultural residues. Of 
these, rice cultivation, agricultural soil, and livestock are the largest agricultural sources 
of GHG emissions (see Table 5.3). 
 
Table 5.3- National GHG Inventory by Agriculture Sector in 1994 and 2000 
Sub-sector 
  
1994
* 
2000
** 
CO2e        
(thousand 
tons) 
Percentage 
CO2e       
 (thousand 
tons) 
Percentage 
Rice cultivation 32,750.00 62.4 37,429.77 57.5 
Agricultural soils 8,060.00 15.4 14,219.70 21.8 
Etheric fermentation 7,070.00 13.5 7,730.52 11.9 
Manure management 2,710.00 5.2 3,447.36 5.3 
Burning of agricultural residues 1,460.00 2.8 1,672.63 2.6 
Burning of savannas 400.00 0.7 590.67 0.9 
Total 52,450.00 100.00 65,090.65 100.00 
*
Adapted from MONRE (2003, p.40)  
**
Adapted from MONRE (2010, p.45) 
 
Therefore, carbon dioxide equivalent emissions per capita by province were computed 
and this data was used for the empirical analysis. Carbon dioxide equivalent emissions 
is composed of carbon dioxide emissions stemming from the burning of fossil fuels and 
the manufacture of cement, and from areas of rice cultivation, and livestock including 
non-dairy cattle, buffalo, swine and poultry. Carbon dioxide equivalent emissions per 
capita at provincial level in Vietnam is calculated as follows: 
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it
AGRit
it
POP
eCOCO
eCO FFCit
22
2

      (5.2) 
where, 
 
iteCO2 is carbon dioxide equivalent emissions per capita at province i in time t (tons 
per capita); 
 
POPit is population size at province i in time t (people); 
 
FFCit
CO2  is carbon dioxide emissions stemming from the burning of fossil fuels and the 
manufacture of cement (tons) at province i in time t (tons). It is computed on the basis 
of per capita carbon dioxide emissions stemming from the burning of fossil fuels and 
the manufacture of cement obtained from the World Bank online database (tons/person), 
and population size of each province (people) collected from the GSO online database. 
Carbon dioxide emissions stemming from the burning of fossil fuels and the 
manufacture of cement include carbon dioxide produced during consumption of solid, 
liquid, and gas fuels and gas flaring  (World Bank 2016); 
 
AGRiteCO2  is the carbon dioxide equivalent from rice cultivation, and from livestock 
(including non-dairy cattle, buffalo, swine and poultry) at province i in time t (tons). 
Carbon dioxide equivalent emissions stemming from rice cultivation, and livestock 
including non-dairy cattle, buffalo, swine and poultry at provincial level is calculated by 
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using the following formula of the International Panel on Climate Change (IPCC 
1996)
11
: 
itPOUitSWI
itBUFitNDCitRCAiAGRit
POUdefvSWIdefv
BUFdefvNDCdefvRCAdefveCO

2
  (5.3) 
where, 
 
AGRiteCO2  is the carbon dioxide equivalent stemming from rice cultivated areas, and 
livestock (including non-dairy cattle, buffalo, swine and poultry) in province i at time t 
and converted from CH4 emissions stemming from those sources. The IPCC 1996 and 
Vietnam’s default values of this gas are used for calculating CH4 emissions; 
 
RCAidefv  are default values of carbon dioxide equivalent emissions converted from CH4 
for rice paddies in province i. According to Vietnam’s initial national communication 
report of MONRE (2003, p. 38), the total rice cultivated area with constantly flooded 
irrigation in North Vietnam in 1994 was 1.957 million ha; more than 78% of the rice 
cultivated area. The rest is not constantly irrigated and mostly relies on rainfall; 
therefore the value of SIF (Seasonal Integrate Flow) of rice paddies with organic and 
inorganic fertilizers under constantly flooded irrigation is used for CH4 estimation of 
rice cultivation land in provinces in North Vietnam. This value is obtained from 
Vietnam’s local methane measurement experiment 1998-1999 cited in MONRE (2003, 
p. 38) (shown in Table 5.4). The total rice cultivated area in South Vietnam in 1994 
with all water management regimes was 4.092 million ha. Of those, the total rice 
                                                 
11
 The IPCC has published 2006 IPCC guidelines for national greenhouse gas inventories. However, this 
present study followed the revised 1996 IPCC guidelines for national greenhouse gas inventories because 
of the following reasons: (1) Vietnam’s initial national communication report of MONRE (2003, pp. 37-
38) used the default values to estimate GHG emissions from agricultural sector in Vietnam, and (2) the 
1996 version provides a good assistance to estimate carbon dioxide equivalent emissions from 
agricultural sector in Vietnam, in particular the default values of GHG emissions. 
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cultivated area with constantly flooded irrigation, intermittently flooded irrigation, and 
rainfed areas was 2.353 million ha (equal to 57.5% of the total rice cultivated area), 
1.049 million ha (25.6% of the total rice cultivated area), and 0.690 million ha (16.9% 
of the total rice cultivated area). Therefore, the average value of methane emissions 
from all rice cultivated area is used for CH4 estimation in provinces in South Vietnam 
(shown in Table 5.4). 
   
itRCA  is the rice cultivated area in province i at time t, (obtained from Statistical 
yearbook of Vietnam of the Vietnam General Office of Statistics); 
 
NDCdefv  is the default value of carbon dioxide (kg/head/year) equivalent emissions 
stemming from non-dairy cattle. See Table 5.4; 
 
itNDC  is the number of non-dairy cattle (head/year) in province i at time t, obtained 
from the Statistical yearbook of Vietnam of the Vietnam General Office of Statistic; 
 
BUFdefv  is the default value of CO2 equivalent emissions (kg/head/year) stemming from 
buffalo; 
 
itBUF  is the number of buffalo (head/year) in province i at time t, obtained from the 
Statistical yearbook of Vietnam of the Vietnam General Office of Statistic; 
 
SWIdefv  is the default value of CO2 emissions equivalent (kg/head/year) stemming from 
swine. See Table 5.4; 
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itSWI  is the number of swine (head/year) in province i at time t, obtained from the 
Statistical yearbook of Vietnam of the Vietnam General Office of Statistic; 
 
POUdefv  is the default value of CO2 equivalent emissions (kg/head/year) stemming from 
poultry. See Table 5.4; 
 
itPOU  is the number of poultry (head/year) in province i at time t, obtained from the 
Statistical yearbook of Vietnam of the Vietnam General Office of Statistic; 
 
Table 5.4- Default Values for Computing CH4 Emissions and the CO2 Equivalent 
from Vietnam’s Livestock 
 CH4 CO2 (equivalent) 
Non- dairy cattle (kg/head/year) 46
* 
966 
Buffalo (kg/head/year ) 58
* 
1218 
Swine (kg/head/year) 8
* 
168 
Poultry (kg/head/year) 0.023
* 
0.483 
Rice paddy in the South (kg/m
2
) 
Rice paddy in the North (kg/m
2
) 
0.0168
** 
  0.0375
*** 
0.3528 
0.7875 
*
Source: The revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (1996, pp. 4.10-
4.13). The default values for non-dairy cattle, buffalo and swine are methane produced from enteric 
fermentation and manure management. The default value for poultry is methane emitted from manure 
management because methane produced from enteric fermentation has not been estimated by the IPCC. 
**
Source: Vietnam’s local methane measurement experiment 1998-1999 cited in MONRE (2003, p. 38)  
***
16.8g/m2 (≈ 0.0168kg/m2) is a default value that computed as 685.9 thousand tons of total methane 
emissions in South Vietnam divided by 4.092 million ha of  rice cultivated area with all water 
management regimes (MONRE 2003, p. 38). 
Note: 21 times CH4 is equal to a CO2 equivalent. 
 
The estimated data of carbon dioxide equivalent emissions per capita at the provincial 
level in Vietnam is shown in Table A5.1 of the Appendix.  
 
5.3.3. Number of Patient Beds as a Proxy of Health Services 
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Health care services play an influential role in protecting population health and in 
treating diseases. The principal objective of health care services is to protect and 
improve population health. The WHO (2015) have defined a standard set of 100 core  
health indicators regarding the post 2015 health goals of the Sustainable Development 
Goals (SDGs). 
 
According to WHO (2015, p. 101), the main health systems indicators are grouped into 
the following six categories: quality and safety of care, health system access, health 
workforce, health information, health financing, and health security. These indicators 
are defined as follows: 
 
Categories Indicators 
1. Quality and safety of care * Perioperative mortality rate 
* Obstetric and gynaecological admissions 
owing to abortion 
* Institutional mental mortality rate, 
maternal death reviews 
* Antiretroviral therapy retention rate 
* Tuberculosis treatment success rate 
* Service-specific availability and 
readiness 
2. Access to health services * Service utilization 
* Health service access 
* Hospital bed density 
* Availability of essential medicines and 
commodities 
3. Health workforce * Health worker density and distribution 
* Out-training institutions 
4. Health information * Birth registration coverage 
* Death registration coverage, and 
completeness of reporting by facilities 
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Categories Indicators 
5. Health financing * Total current expenditure on health 
* Current expenditure on health by the 
general government and compulsory 
schemes 
* Out-of-pocket payment for health 
* External sources funding 
* Total capital expenditure on health 
* Headcount ratio of catastrophic health 
expenditure 
* Headcount ratio of impoverishing health 
expenditure 
6. Health security * International Health Regulations (IHR) 
core capacity index 
Source: WHO (2015, p. 101) 
 
Vietnam has its own indices of annual hospital bed density, and health worker density 
and distribution based on the above global reference list of health indicators developed 
by WHO (2015). These indicators are defined as follows: 
 
WHO  GSO, Vietnam 
Indicator 
name 
Definition  Indicator name Definition 
Annual 
hospital bed 
density 
Total number of 
hospital beds 
excluding labour 
and delivery beds 
 Annual patient 
beds 
Total number of patient beds 
used for patients during their 
treatment at the health 
establishments (hospitals, 
regional polyclinics, 
sanatorium and 
rehabilitation hospitals, and 
medical service units) in 
communes, precincts. It 
excludes beds for persons on 
duty and beds in the 
examining and waiting 
rooms. 
Annual 
health 
worker 
density and 
distribution 
Total number of 
health workers 
includes generalist 
medical 
practitioners, 
nurses, midwives, 
 Annual number 
of medical staff 
Total number of doctors, 
physicians, nurses, and 
midwives. 
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WHO  GSO, Vietnam 
Indicator 
name 
Definition  Indicator name Definition 
medicine 
professionals, and 
specialist medical 
practitioners. 
   Annual number 
of 
pharmaceutical 
staff 
Total number of high-degree 
pharmacists, middle-degree 
pharmacists, and assistant 
pharmacists.  
Adapted from WHO (2015, pp. 111-113) and Statistic yearbooks of General Statistics Office of Vietnam 
 
Because of the limited availability of Vietnam’s data, this present study used the 
number of patient beds as a proxy of health service. The provincial database on number 
of patient beds for the years 2000-2010 was obtained from the website of the General 
Statistic Office Vietnam (http://gso.gov.vn/default.aspx?tabid=723), where there is an 
online database for public use, and annual statistics handbooks published by the GSO. 
  
5.3.4. Tuberculosis Prevalence as a Proxy of Population Health 
 
Regarding the selection of variable as a proxy of population health, life expectancy or 
common diseases are optimal proxies to population health. However, the provincial data 
of these proxies are not available. Therefore, tuberculosis prevalence is selected as a 
proxy of population health. Addition to limitation of provincial data availability, the 
reasons why tuberculosis prevalence is used for empirical analysis are as follows. 
 
Firstly, long-term population health depends on the environment as an integral part of 
life-supporting systems. The environment is now coming under pressure from economic 
activities that have emitted environmental pollutants in the lower atmosphere. 
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Environmental pollutants and emissions cause pollution and climate change in the long 
term. It is recognised that human health and disease can be impacted by a variety of 
ecological disruptions that are a consequence of environmental pollution and climate 
change. The most important phenomena regarding population health is spreading of 
infectious diseases like malaria, heart disease, tuberculosis, and diarrhoea disease.  
 
Secondly, tuberculosis is an infectious disease caused by a variety of environmental and 
socio-economic factors. The influence of temperature on life both indoors and outdoors 
is associated with the probability of transmission of tuberculosis (Naranbat et al. 2009). 
The upward trend of tuberculosis incidence in some Asian countries has been assessed 
by various researchers, such as Thorpe et al. (2004), Frieden et al. (2004), Leung et al. 
(2005), Akhtar and Mohammad (2008), Naranbat et al. (2009), and Liao et al. (2012). 
According to the WHO report (2009), over 50% of global tuberculosis cases are found 
in the Western Pacific and South-east Asia. In particular, tuberculosis is one of the main 
causes of deaths in Vietnam, (see Section 4.5.1.2). Therefore, tuberculosis prevalence 
was chosen as a variable reflecting the state of population health in Vietnam. The data 
of tuberculosis prevalence in the years 2000-2010 is from health statistic yearbooks 
published by the Ministry of Health, Vietnam. 
 
5.4. Result and Discussion 
 
The results of the Theil index estimation show: (1) the shares of population size, 
income, emissions, and the health sector of regions; (2) the trends of inequality; how the 
Theil’s index of the between-region inequality, the within-region inequality and the 
national inequality have changed over the observed period; (3) which regions have 
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made the largest contribution to between-region inequality, to within-region inequality 
and to the Theil’s index of national inequality in income, emissions, health services and 
health; and (4) what paths have regions that make large contributions in the most recent 
years of the data taken to get to their current positions. 
 
This section starts with the shares of population size, income, emissions, and health 
sector and population of regions and yields the Theil’s inequality index. The data of 
these shares are described in Table 5.5. The table shows that advanced regions have had 
much larger shares of income, emissions and health services than remote mountainous 
regions. For example, the income share of the South East and the Red River Delta was 
27% and 25% in 2010 respectively, whereas for the Central Highland it was only 4% in 
the same year. Similarly, the share of tuberculosis cases in these advanced regions is 
more than that of remote regions; 26% in the Mekong River Delta, 25% in the South 
East and only 2% in the Central Highland in 2010. The reason here is that the South 
East and the Red River Delta with mega cities (for example, Ho Chi Minh and Vung 
Tau in the South East, and Ha Noi and Hai Phong in the Red River Delta) have been the 
developed regions in Vietnam, whereas the Central Highland is a remote region having 
a large population of ethnic minorities. 
 
In 2010, the South East and the Red River Delta, with their large income (about six 
times as large as the Central Highlands region) have a population approximately four 
times as large as the population of the Central Highlands region. The Northern 
Midlands and Mountain, and the Central Highlands, have a lower share of the income 
than does the South East and Red River Delta although the ratio in Northern Midlands 
and Mountain region is more favourable than for the Central Highlands over the 
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observed period. For instance, the Central Highlands’s share of the income was 
approximately 4.6% while this figure for the Red River Delta reached about 25.7% in 
2010.  
 
Similarly, the share of emissions and tuberculosis cases in the Central Highlands (5.7% 
and 2.6% in 2010 respectively) are much smaller than for the South East (13% and 24% 
in 2010 respectively) and the Red River Delta (22% and 17% in 2010 respectively). The 
Red River Delta, an advanced region, had the largest share of income and emissions. 
The Mekong River Delta, which is particularly vulnerable to climate change, has had 
largest share of tuberculosis cases over the observed period (about from 26% to 29%). 
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Table 5.5- Shares of Population, Income, Emissions, and Health Sector of Six 
Regions of Vietnam, 2000-2010 
Unit: % 
 Red 
River 
Delta 
Northern 
Midlands 
and 
Mountain 
North 
Central 
and 
Central 
Coast 
Central 
Highlands 
South 
East 
Mekong 
River 
Delta 
Total 
Population share 
2010 22.78 12.86 21.79 5.99 16.73 19.85 100 
2008 22.88 12.92 22.08 5.92 16.08 20.12 100 
2006 22.94 13.09 22.41 5.79 15.39 20.34 100 
2004 23.10 13.12 22.76 5.67 14.72 20.57 100 
2002 23.18 13.13 23.11 5.56 14.18 20.79 100 
2000 23.26 13.14 23.47 5.47 13.66 20.99 100 
Income share 
2010 25.74 8.32 15.85 4.66 27.72 17.71 100 
2008 27.79 7.94 15.21 4.40 26.94 17.72 100 
2006 23.43 8.71 16.35 4.60 27.50 19.41 100 
2004 23.55 8.70 16.77 4.51 26.80 19.67 100 
2002 23.07 8.50 17.12 3.78 26.33 21.19 100 
2000 n/a n/a n/a n/a n/a n/a n/a 
Share of emissions 
2010 22.22 13.91 22.71 5.77 13.49 21.90 100 
2008 22.26 14.07 23.21 5.66 12.62 22.18 100 
2006 22.37 14.28 23.68 5.54 11.62 22.51 100 
2004 22.67 14.31 23.85 5.32 10.93 22.92 100 
2002 22.90 14.42 24.15 5.03 9.99 23.51 100 
2000 22.84 14.37 24.63 4.85 9.02 24.30 100 
Share of health services: NOB as a proxy 
2010 21.86 16.18 22.38 5.69 17.07 16.83 100 
2008 21.23 16.06 22.89 5.53 17.46 16.83 100 
2006 21.84 16.48 23.22 5.60 16.24 16.62 100 
2004 22.45 16.82 23.77 5.24 15.73 16.00 100 
2002 22.42 16.40 25.97 5.01 14.72 15.48 100 
2000 22.77 15.79 25.30 5.72 15.07 15.36 100 
Share of population health: TUB as a proxy 
2010 17.39 7.65 21.59 2.60 23.98 26.79 100 
2008 17.25 7.79 21.99 2.61 24.11 26.26 100 
2006 17.10 7.87 22.23 2.56 23.74 26.49 100 
2004 16.49 8.04 23.00 2.38 21.89 28.21 100 
2002 17.07 8.24 23.45 2.42 19.12 29.70 100 
2000 17.88 8.34 24.62 2.38 18.96 27.81 100 
Calculated using data from statistic yearbooks and online database of General Statistics Office of 
Vietnam 
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Table 5.5 also demonstrate differences between population share and shares of income, 
emissions and the health sector across regions. Between 2000 and 2010, the South East 
had a larger share of the income and tuberculosis cases than the corresponding share of 
the population shares between 2000 and 2010. For example, the shares of income, 
tuberculosis cases and population in the South East were approximately 27.7%, 23.9% 
and 16.7% in 2010 respectively. These figures in the Red River Delta were about 
25.7%, 17.3% and 22.7% in 2010 respectively.  
 
However, both the South East and the Red River Delta have had a smaller share of 
emissions than the corresponding share of the population in the observed period. The 
South East had 13.4% of the share of emissions and in the Red River Delta it was about 
22.2%.  
 
In contrast, the Northern Midlands and Mountain, and the North Central and Central 
Coast had income shares smaller than the corresponding population shares while they 
had a larger share of emissions and patient beds than their share of the population. The 
shares of income, emissions, number of patient beds, and population in the Northern 
Midlands and Mountain in 2010 were 8.3%, 13.9%, 16.1% and 12.8% respectively. 
These figures in the North Central and Central Coast were 15.8%, 22.7%, 22.3% and 
21.7% respectively. Similarly, the share of emissions and number of patient beds in the 
Central Highlands region was larger than its corresponding population share. For 
instance, the Central Highlands had 5.7%, 5.6% and 5.9% of the share of emissions, 
number of patient beds and population in 2010 respectively.  
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Secondly, the results displayed in Figure 5.2 show how the Theil index of national, 
between-region, and within-region inequalities has changed over the period 2000 to 
2010. The results show that the Theil index of national, between-region and within-
region inequalities in income, emissions, and number of patient beds has decreased 
whereas there has been an increase in the national and within-region inequalities in 
number of tuberculosis cases during the observed period.  
 
National, between-region and within-region inequalities in income have decreased 
slightly from 0.310 in 2000 to 0.281 in 2010, 0.027 in 2000 to 0.023 in 2010, and 0.28 
in 2000 to 0.26 in 2010 respectively. Similarly, the national, between-region and within-
region inequality figures for NOB declined somewhat from 0.058 in 2000 to 0.054 in 
2010, from 0.005 in 2000 to 0.003 in 2010, and from 0.052 in 2000 to 0.051 in 2010 
respectively. Meanwhile, national, between-region and within-region inequalities in 
emissions dropped significantly from 0.204 in 2000 to 0.098 in 2010, from 0.009 in 
2000 to 0.006 in 2010, and 0.196 in 2000 to 0.092 in 2010 respectively.  
 
By contrast, national, between-region and within-region inequalities in number of 
tuberculosis cases increased from 0.512 in 2000 to 0.549 in 2010, 0.021 in 2000 to 
0.024 in 2010, and 0.492 in 2000 to 0.524 in 2010 respectively. The results also show 
that the Theil index of national is dominated by within-region inequality in all cases of 
income, emissions, health services and tuberculosis prevalence. Additionally, between-
region inequality has been very small and remained constant over the period of 2000 to 
2010. 
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Figure 5.2 - The Trend in Theil’s Inequality Index of Income, Emissions, Health Services and Population Health, 2000-2010   
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Thirdly, Table 5.6, Table 5.7, Table 5.8 and Table 5.9 show which regions contributed 
the large positive and negative contributions to between-region inequality, to within-
region inequality and to the Theil index of national inequality in income, emissions, 
healthcare services and population health during the observed period. The results also 
show what paths have been taken by regions that make large contributions in the most 
recent year to get to their current positions.  
 
Table 5.6 shows that some regions have an income share lower than their population 
share. They yield negative numbers for the contribution to income inequality between 
regions because of the logarithm of the ratio. The Central Highlands, the Northern 
Midlands and Mountain Areas, and the North Central and Central Coast Areas, for 
examples, have, respectively, negative contribution to income inequality between 
regions of -0.005, -0.016, and -0.022 in 2010. In contrast, in 2012, the figure for the 
South East and the Red River Delta is a positive number because its income share is 
larger than the corresponding population share.  
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Table 5.6- Income per Capita, Emissions per Capita, Number of Doctors per 
Thousand People, Number of Patient Beds per Thousand People and Tuberculosis 
per Thousand People of Regions in Vietnam, 2000-2010 
 1999/2000 2002 2004 2006 2008 2010 
Per capita income (thousand VND) 
South East 73541 81062 107979 141355 214365 278140 
Red River Delta 59771 71016 94897 120461 221109 258219 
Mekong River Delta 40466 44520 56739 75506 112631 149745 
Central Highlands 40804 29368 46697 62406 95188 130595 
North Central and 
Central Coast 
27688 32347 43705 57733 88118 122117 
Northern Midlands 
and Mountain 
26255 28290 39362 52657 78573 108593 
Per capita emissions (tons) 
Mekong River Delta 1.663 1.852 2.094 2.223 2.522 2.792 
Northern Midlands 
and Mountain 
1.570 1.799 2.050 2.191 2.492 2.739 
North Central and 
Central Coast 
1.508 1.711 1.969 2.123 2.405 2.637 
Red River Delta 1.410 1.618 1.845 1.959 2.226 2.468 
Central Highlands 1.273 1.467 1.746 1.907 2.190 2.439 
South East 0.949 1.153 1.395 1.516 1.796 2.040 
Number of patient beds per 1000 people     
Northern Midlands 
and Mountain 
2.430 2.495 2.618 2.671 2.856 3.208 
South East 2.232 2.073 2.181 2.240 2.495 2.600 
North Central and 
Central Coast 
2.181 2.244 2.132 2.199 2.380 2.618 
Central Highlands 2.114 1.783 1.866 2.036 2.146 2.422 
Red River Delta 1.980 1.932 1.985 2.020 2.131 2.446 
Mekong River Delta 1.481 1.488 1.587 1.734 1.920 2.162 
Number of TUB cases per 1000 people     
South East 1.546 1.535 1.737 1.779 1.694 1.597 
Mekong River Delta 1.476 1.626 1.601 1.503 1.475 1.504 
North Central and 
Central Coast 
1.168 1.155 1.180 1.145 1.125 1.104 
Red River Delta 0.856 0.839 0.834 0.860 0.852 0.851 
Northern Midlands 
and Mountain  
0.707 0.714 0.716 0.694 0.681 0.663 
Central Highlands 0.485 0.491 0.485 0.507 0.499 0.484 
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The results illustrate that the advanced regions make the largest contribution to 
between-region inequality. As can be seen in Table 5.7, the South East and the Red 
River Delta are regions with the largest positive contribution to between-region 
inequality in income. For example, this contribution in 2010 was about 6.1% and 1.4% 
respectively. Meanwhile, the South East region has the largest positive contribution to 
tuberculosis prevalence inequality between regions (3.7%) whereas the Red River Delta 
region has the largest negative contribution (about -2%).  
 
The Mekong River Delta is a region in southern Vietnam which produces 
approximately half of Vietnam’s rice and is particularly vulnerable to climate change. 
This region has the largest positive contribution to emissions inequality between regions 
(1.6% in 2010) and the largest negative contribution to between-region inequality in 
health services (-1.2% of contribution to between-region inequality in number of patient 
beds in 2010). The Mekong River Delta is the second region having with a large 
positive contribution to between-region inequality in tuberculosis prevalence (3.5% in 
2010).  
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Table 5.7- Each Region’s Contribution to Between-Region Inequality in Income, 
Emissions, Health Services and Population Health in Vietnam, 2000-2010 
Contribution to between-region inequality in income 
  2000 2002 2004 2006 2008 2010 
South East n/a 0.071 0.070 0.069 0.060 0.061 
Red River Delta   n/a 0.000 0.002 0.002 0.023 0.014 
Central Highlands   n/a -0.007 -0.005 -0.005 -0.006 -0.005 
Mekong River Delta   n/a 0.002 -0.004 -0.004 -0.010 -0.009 
Northern Midlands and Mountain n/a -0.016 -0.016 -0.015 -0.017 -0.016 
North Central and Central Coast n/a -0.022 -0.022 -0.022 -0.025 -0.022 
Contribution to between-region inequality in emissions 
Mekong River Delta 0.022 0.019 0.018 0.017 0.016 0.016 
North Central and Central Coast 0.012 0.012 0.012 0.013 0.012 0.011 
Northern Midlands and Mountain 0.010 0.010 0.010 0.010 0.010 0.009 
Central Highlands -0.001 -0.001 0.000 0.000 0.001 0.001 
South East -0.014 -0.012 -0.011 -0.011 -0.009 -0.008 
Red River Delta -0.021 -0.020 -0.021 -0.022 -0.023 -0.023 
Contribution to between-region inequality in health services: NPB as a proxy 
Northern Midlands and Mountain 0.013 0.016 0.018 0.016 0.015 0.016 
North Central and Central Coast 0.008 0.013 0.004 0.004 0.004 0.003 
South East 0.006 0.002 0.004 0.004 0.006 0.001 
Central Highlands 0.001 -0.002 -0.002 -0.001 -0.002 -0.001 
Red River Delta -0.002 -0.003 -0.003 -0.005 -0.007 -0.004 
Mekong River Delta -0.021 -0.020 -0.017 -0.015 -0.013 -0.012 
Contribution to between-region inequality in population health: TUB as a proxy 
South East 0.027 0.025 0.038 0.045 0.042 0.037 
Mekong River Delta 0.034 0.046 0.039 0.030 0.030 0.035 
North Central and Central Coast 0.005 0.001 0.001 -0.001 0.000 -0.001 
Central Highlands -0.009 -0.009 -0.009 -0.009 -0.009 -0.009 
Northern Midlands and Mountain -0.016 -0.017 -0.017 -0.017 -0.017 -0.017 
Red River Delta -0.020 -0.023 -0.024 -0.022 -0.021 -0.020 
 
Table 5.8 shows regional contributions to within-region inequality in income, emissions 
and health services. Mountainous regions have the largest positive contribution to 
within-region inequality in income and tuberculosis prevalence whereas advanced 
regions have the largest positive contribution to emissions inequality within regions. 
The North Midland and Mountain region and the North Central and Central Coast 
region have contributed the most to income inequality within regions, about 0.2 
between 2000 and 2010. Meanwhile, the North Midland and Mountain region had the 
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second largest negative contribution to emissions inequality within regions (-6.5% in 
2010) after the Mekong River Delta region (-7.2% in 2010). Moreover, it had a negative 
contribution to within-region inequality in health services (-9.6% of the contribution to 
within-region inequality in number of patient beds in 2010). 
 
Table 5.8- Each Region’s Contribution to Within-Region Inequality in Income, 
Emissions, Health Services and Population Health in Vietnam, 2000-2010 
Contribution to within-region inequality in income 
  2000 2002 2004 2006 2008 2010 
Northern Midlands and Mountain    n/a 0.193 0.184 0.183 0.219 0.199 
North Central and Central Coast     n/a 0.139 0.143 0.146 0.173 0.148 
Central Highlands    n/a 0.174 0.106 0.105 0.130 0.111 
Mekong River Delta     n/a -0.006 0.021 0.023 0.058 0.052 
Red River Delta    n/a 0.024 0.010 0.007 -0.050 -0.042 
South East     n/a -0.241 -0.239 -0.234 -0.209 -0.207 
Contribution to within-region inequality in emission inequality 
Red River Delta 0.203 0.205 0.212 0.218 0.229 0.230 
South East 0.160 0.129 0.104 0.095 0.076 0.063 
Central Highlands 0.029 0.022 0.004 -0.006 -0.011 -0.015 
North Central and Central Coast -0.045 -0.045 -0.048 -0.052 -0.051 -0.049 
Northern Midlands and Mountain -0.065 -0.069 -0.066 -0.067 -0.068 -0.065 
Mekong River Delta -0.087 -0.078 -0.071 -0.069 -0.071 -0.072 
Contribution to within-region inequality in health service: NOB as a proxy 
Mekong River Delta 0.139 0.131 0.117 0.091 0.082 0.077 
Red River Delta 0.021 0.026 0.024 0.034 0.048 0.037 
Central Highlands -0.006 0.078 0.059 0.033 0.039 0.030 
South East -0.013 0.006 -0.006 -0.004 -0.015 0.008 
North Central and Central Coast -0.017 -0.035 -0.011 -0.009 -0.009 -0.006 
Northern Midlands and Mountain -0.071 -0.089 -0.098 -0.093 -0.089 -0.096 
Contribution to within-region inequality in population health: TUB as a proxy 
Central Highlands 0.378 0.382 0.385 0.365 0.361 0.369 
Northern Midlands and Mountain  0.245 0.244 0.263 0.271 0.280 0.280 
Red River Delta 0.121 0.139 0.154 0.138 0.134 0.130 
North Central and Central Coast -0.005 0.005 0.004 0.009 0.008 0.013 
Mekong River Delta -0.110 -0.135 -0.121 -0.104 -0.106 -0.121 
South East -0.136 -0.120 -0.160 -0.175 -0.165 -0.146 
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Table 5.9 illustrates regional contributions to national inequality in income, emissions 
and health services. In general, remote mountainous regions have had the largest 
positive contribution to national inequality in income and tuberculosis prevalence 
whereas they have had the largest negative contribution to national inequality in health 
services.  
 
Advanced regions (the Red River Delta region and the South East region) have 
contributed the most to national income inequality. Meanwhile, the South East has had 
the largest negative contribution to national inequality in tuberculosis prevalence. 
Additionally, these advanced regions have had dominant contributions to national 
inequality in emissions. The Mekong River Delta had the second largest negative 
contribution to national inequality in emissions after the North Midland and Mountain 
region and to tuberculosis prevalence after the South East. 
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Table 5.9- Each region’s Contribution to the Theil index of National Inequality in 
Income, Emissions, Health Services and Population Health in Vietnam, 2000-2010 
Contribution to the Theil index of national inequality in income 
  2000 2002 2004 2006 2008 2010 
Northern Midlands and Mountain     n/a 0.177 0.169 0.168 0.202 0.183 
North Central and Central Coast     n/a 0.117 0.120 0.124 0.148 0.126 
Central Highlands     n/a 0.167 0.101 0.100 0.124 0.106 
Mekong River Delta     n/a -0.004 0.018 0.019 0.048 0.043 
Red River Delta     n/a 0.024 0.012 0.009 -0.027 -0.028 
South East     n/a -0.170 -0.169 -0.165 -0.148 -0.146 
Contribution to the Theil index of national inequality in emissions 
Red River Delta 0.183 0.184 0.191 0.196 0.206 0.207 
South East 0.146 0.116 0.093 0.084 0.066 0.055 
Central Highlands 0.028 0.021 0.004 -0.005 -0.010 -0.014 
North Central and Central Coast -0.033 -0.034 -0.036 -0.039 -0.039 -0.038 
Mekong River Delta -0.064 -0.058 -0.054 -0.052 -0.054 -0.056 
Northern Midlands and Mountain -0.056 -0.059 -0.057 -0.057 -0.058 -0.056 
Contribution to the Theil index of national inequality in health services: NOB as a 
proxy 
Mekong River Delta 0.118 0.111 0.099 0.076 0.069 0.065 
Red River Delta 0.019 0.023 0.021 0.029 0.041 0.033 
Central Highlands -0.005 0.076 0.057 0.032 0.037 0.029 
South East -0.007 0.009 -0.002 -0.001 -0.008 0.010 
North Central and Central Coast -0.009 -0.022 -0.006 -0.005 -0.006 -0.003 
Northern Midlands and Mountain -0.059 -0.073 -0.080 -0.077 -0.074 -0.080 
Contribution to the Theil index of national inequality in population health: TUB 
as a proxy 
Central Highlands 0.369 0.373 0.376 0.356 0.352 0.359 
Northern Midlands and Mountain 0.229 0.227 0.245 0.254 0.263 0.262 
Red River Delta 0.100 0.117 0.130 0.116 0.112 0.110 
North Central and Central Coast 0.000 0.006 0.005 0.008 0.008 0.012 
Mekong River Delta -0.076 -0.089 -0.083 -0.073 -0.076 -0.086 
South East -0.109 -0.096 -0.123 -0.130 -0.123 -0.109 
 
5.5. Conclusion 
 
This chapter examines the variations of the interrelated factors emphasised in the 
conceptual framework as measures of development. The interrelated factors are income, 
emissions, health services (number of patient beds as a proxy) and population health 
(prevalence of tuberculosis as a proxy). The regional data for these variables over the 
period of 2000 to 2010 were collected. This was a period of post-economic reform in 
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Vietnam. The chapter focuses on an analysis of inter-regional variations of these 
interrelated variables by estimating the Theil entropy index. The Theil index 
decomposes inequality in income, emissions, number of patient beds and tuberculosis 
prevalence into their inter-regional components.  
 
Variations in income, emissions, health services and population health between and 
within regions in Vietnam were found. Firstly, the largest contributors to within-region 
and national inequalities in emissions have been the highest income regions; the South 
East region and the Red River Delta region. Secondly, the Mekong River Delta region 
has high per capita emissions and a large contribution to between-region inequality in 
population health. Thirdly, the Northern Midlands and Mountain region has high per 
capita emissions and makes a large contribution to both within and national inequality 
in population health. These findings suggest a large contribution of high income regions 
to inequality in emissions, and a large contribution of high emission regions to 
inequality in population health.  
 
The results also show that:  
 
(1) Vietnam’s fast economic growth regions with mega cities have had much larger 
shares of income, emissions and health services than remote mountainous regions. The 
Mekong River Delta, a region particularly vulnerable to climate change, has had the 
largest prevalence of tuberculosis. The fast economic growth regions have had the 
larger shares of income and the health sector than the corresponding population share. 
However, the share of emissions of these advanced regions is smaller than their 
corresponding population share. These findings suggest that there existed disparities in 
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shares of income, emissions, health services and population across regions; especially 
between advanced regions and remote mountainous regions and between urban and 
rural areas. As a result, each region makes a different contribution to the Theil index of 
national inequality, and to between-region and within-region inequality in income, 
emissions and health services.  
 
(2) There have been slight decreases in the Theil index of national inequality, between-
region inequality and within-region inequality in income and health services. In the 
meantime, there has been a significant decrease in the national inequality, and between-
region, and within-region inequality in emissions. In contrast, national inequality, 
between-region inequality and within-region inequality in tuberculosis prevalence have 
increased slightly. 
 
(3) The contribution of within-region inequality to the Theil index of national inequality 
has been very high whereas the contribution of between-region inequality to this index 
has been quite modest. At least three quarters of national inequality is due to within-
region inequality, and the remaining quarter to between-region differences.  
 
In conclusion, this chapter shows the variations in income, emissions, health services 
and population health across regions in Vietnam over the observed period. The next 
chapter discusses simultaneous relationships between outcome, emissions and health in 
Vietnam. 
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CHAPTER SIX- OUTPUT, THE ENVIRONMENT AND HEALTH NEXUS IN 
VIETNAM: A SIMULTANEOUS SYSTEM ANALYSIS 
 
6.1. Introduction 
 
This chapter concentrates on testing the interrelationships between output, emissions and 
health in Vietnam and is based on the theoretical derivations from the conceptual 
framework chapter. The interrelationships are analysed in a simultaneous equations 
model.  
 
As discussed in sections 2.3.1 and 5.3.2, many researchers have been used GDP per 
capita as a proxy of economic growth in investigating the relationship between 
economic growth and environmental pollution such as Panayotou (1993; 1997), López 
(1994), Grossman and Krueger (1995), Selden and Song (1995), McConnell (1997), 
Galeotti et al. (2006), Park and Lee (2011),  Zanin and Marra (2012), Al-Mulali et al. 
(2015), and Alshery et al. (2017). Additionally, the authors have used carbon dioxide 
emissions as popular proxy of environmental pollution. Therefore, following the 
previous studies, real per capita gross domestic product, per capita carbon dioxide 
equivalent emissions (estimated in section 5.3.2) are chosen as the endogenous variables 
in our simultaneous equations model. As indicated in section 4.5.1.2, tuberculosis is one 
of the main causes of death in Vietnam and therefore this variable is chosen as a proxy 
for population health and other endogenous variable in our model. 
 
In addition to the foresaid endogenous variables, the three endogenous variables are 
determined in terms of several exogenous variables represented through the number of 
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patient beds as a proxy for health service, graduate enrolment as a proxy for human 
capital, and FDI and population size. 
 
Health care services play vital role in improving human health. The WHO (2015, p. 
101) have classified health systems indicators into quality and safety of care, health 
system access, health workforce, health information, health financing, and health 
security. In the basis of the WHO’s indicators, Vietnam defines annual hospital bed 
density as health indicators. Therefore, for empirical purpose this chapter uses the 
number of patient beds as a proxy for health service and an exogenous variable. 
 
The literature review suggests effects of human capital on economic growth such as 
Lucas (1988), Barro (1991), Fogel (1994), Babones (2008), Loening (2012), Abdullah 
(2013), and Pop et al. (2013). Barro (1991), Loening (2012) and Abdullah (2013) found 
a positive relationship between education and economic growth. It is also expected that 
the number of people working on high skilled sectors is a probably better proxy than 
graduation enrolment. However, the data of the number of people wording on high 
skilled sectors in each provinces or regions is not enough available. Therefore, this 
chapter selects graduate students as a proxy for human capital and is an exogenous 
variable. 
 
The empirical results by Mun et al. 2009, Farshid et al. 2009, and Mohanty & Moharana 
2015 found significant positive relationship between FDI and economic growth in the 
cases of developing countries. Therefore, following these studies, FDI was chosen as an 
exogenous variable affecting GDP per capita.  
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The literature shows that population-environment relationship has been investigated in 
Thomas Robert Malthus’s first essay in 1798. More than a century later, Boserup (1965) 
argued that population growth pressure causes  natural resource exploitation. Edenhofer 
et al. (2014) claimed that each person added to the global population increases 
emissions. Therefore, this chapter uses population size as an exogenous variable in the 
empirical model. 
 
A simultaneous equations model is used for the empirical estimation. The model is 
postulated in log-linear form, estimated by the instrumental variables (IVs) and two-
stage least squares (2SLS) method, and a two-step system-dynamic generalized method 
of moments (GMM). The panel data for the Vietnamese economy for the years 2000 to 
2010 were used. 
 
The rest of chapter is structured as follows. Section 6.2 presents the analysis framework. 
Section 6.3 specifies the simultaneous equations model and the hypotheses.  Section 6.4 
describes the dataset used in the model. Section 6.5 presents the estimation techniques; 
the 2SLS, and GMM methods. Section 6.6 discusses the empirical results.  Finally, 
Section 6.7 draws conclusions from the study. 
 
6.2. Analysis Framework 
 
A simultaneous equation framework enables measurement of feedback impacts and 
establishes the interrelationship of economic growth, the environment and health, (see 
Figure 6.1). 
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Figure 6.1- The Analytical Framework of Output, the Environment and Health 
 
 
 
 
 
 
 
 
 
 
The mutual interdependence of the variables is shown in the schematic Figure 6.1. The 
figure shows three endogenous variables (output, environmental status, and the state of 
population health) and some exogenous variables. Human capital, FDI, population, and 
health-service access are also considered to be important exogenous drivers of the 
aforesaid endogenous variables interacting/interfacing with each other. The literature 
mentioned in Section 2.3.3, indicates a causal relationship between population health 
and output; in particular the importance of human capital in discussing the output 
trajectory. Education is considered as one of the primary indices of human capital. 
Population health, as a significant productivity variable that contributes to GDP, was 
explicitly researched in the 1990s (Barro 1991; Fogel 1994).  
 
The intimate relationship between economic growth and environment is argued to be an 
inverse U-shaped curve. For the case of Vietnam, Al-Mulali et al. (2015) recognizes a 
positive GDP-CO2 emissions relationship. The GDP is expected to increase the 
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emissions and cause environmental pollution in the earlier stage of economic 
development. However, the EKC hypothesis indicates that beyond a critical income 
level, and with structural and technological changes GHG emissions will be mitigated 
and lead to reduced environmental pollution and a slowing down of climate change 
(Grossman & Krueger 1991).  
 
The EKC hypothesis was not available in the Vietnam case (Al-Mulali et al. 2015). 
Ahmed and Long (2012) suggest the other exogenous factor, population, is behind 
changes in environmental pollution. Finally, the literature indicates the health effect of 
the environment (Christidis et al. 2012; Willis et al. 2012; Luo et al. 2014) and the 
important role of health service access for population health (WHO 2000). Therefore, 
this study focuses on the endogenous nature of the relationship between economic 
growth, health and environment. A structural model for Vietnam is constructed where 
these three variables are determined simultaneously over the 11-year period from 2000 
to 2010. The model accounts for the one-way direct effect from the environment 
towards output, from the health status towards the environment, and from the output 
towards the health status.  
 
6.3. Model Specification and Underlying Hypothesis 
 
The model employed in this chapter relies on three structural equations. The model uses 
three endogenous variables (real per capita GDP, per capita carbon dioxide equivalent 
emissions, and number of tuberculosis cases per thousand people). Exogenous variables 
are the health services (number of patient beds as a proxy), human capital (number of 
graduate students as a proxy), FDI (in total registered capital), and population size. 
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Consistent with the conceptualization, the three structural equations are the equations 
(6.1), (6.2) and (6.3).  
 
1 2 3 4ln ln ln lnit it it it itGDPPC TUB GRE FDI              (6.1) 
1 2 3ln ln 2 lnit it it itTUB CO NPB e                                    (6.2) 
1 2 3 4ln 2 ln ln lnit it it it itCO GDPPC FDI POP              (6.3) 
 
where, 
 
GDPPCit is real per capita GDP in the province i at time t (VND); 
 
TUBit is number of tuberculosis cases per thousand people in the province i at time t; 
  
CO2it is per capita CO2 equivalent emissions in the province i at time t (tons); 
 
GREit is number of graduate students in the province i at time t; 
 
FDIit is foreign direct investment in the province i at time t (total registered capital, 
US$); 
 
NPBit is number of patient beds in the province i at time t; 
 
POPit is population size in the province i at time t (people); 
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it , ite  and it  are error terms. 
 
The i subscript is a province index and t is a time index. All variables are indexed over 
province i  and over time t, and in natural logarithms (ln).  
 
The model has three endogenous variables and four exogenous variables. The three 
endogenous variables of real per capita gross domestic product (GDP), per capita CO2 
equivalent emissions, and number of tuberculosis cases per thousand people used in the 
model represent the economy’s output, environmental performance and population 
health respectively.  
 
It is widely recognized in the literature that carbon dioxide emissions is one of the major 
causes of environmental pollution; in particular, carbon dioxide is mainly responsible 
for climate change. This study focuses on per capita carbon dioxide equivalent 
emissions as an endogenous variable to capture the impact on the environment of 
pollution and climate change. Emissions likely are determined by real per capita GDP. 
The literature shows that disease prevalence has been used as the principal outcome 
variable of health affected by environmental pollution. The long-term population health 
depends on the environment as an integral part of life-supporting systems. The 
environment is now coming under pressure from economic activities that have emitted 
pollutants to the lower atmosphere. Emissions cause climate change in the long term. 
 
Recognition that human health can be influenced by a variety of ecological disruptions 
is a consequence of environmental pollution and climate change. Environmental 
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pollution and climate change create serious implications for many aspects of population 
health. The most important phenomena regarding population health is the spreading of 
infectious diseases like malaria, tuberculosis, and diarrheal disease.  
 
Tuberculosis is an infectious diseases caused by a variety of environmental and socio-
economic factors. The influence of temperature on life, both indoors and outdoors, is 
associated with the probability of transmission of tuberculosis (Naranbat et al. 2009). 
The upward trend of tuberculosis incidence in some Asia countries has been assessed by 
various researchers, such as Thorpe et al. (2004), Frieden et al. (2004), Leung et al. 
(2005), Akhtar and Mohammad (2008), Naranbat et al. (2009), and Liao et al. (2012). 
According to a WHO (2009) report, over 50% of global tuberculosis cases are found in 
the Western Pacific and South-eastern Asia.  
 
Moreover, Chapter Four shows that Vietnam has been one of most tuberculosis-
burdened countries and tuberculosis has been one of the leading causes of death in 
Vietnam. Therefore, tuberculosis prevalence is chosen as a proxy for the state of 
population health in Vietnam. The number of tuberculosis cases is included as an 
endogenous variable in the model. 
 
In addition to three endogenous variables, four exogenous variables are included in the 
model. These exogenous variables are education, FDI, health services and population 
size.  
 
Firstly, education reflecting human capital is one of the important determinants of 
economic growth. The role of human capital in economic growth has been investigated 
 
149 
 
in both theoretical and empirical economic research. Human capital is defined as a set 
of knowledge, competencies, skills and abilities personified in individuals (Becker 
1964) and acquired through training and education (Schultz 1961).  
 
Endogenous growth theories emphasize mechanisms through which education impacts 
economic growth (Benos & Zotou 2014). Recent empirical studies such as that of 
Tsamadias and Prontzas (2012), and Hassan and Cooray (2015) also reveal positive 
effects of education on economic growth. Various studies such as those of Barro (1991), 
Loening (2012) and Abdullah (2013) analysing enrolment rates have found a positive 
interplay between primary and secondary education and economic growth. In the 
present study, the number of graduate students is a proxy for human capital.  
 
Secondly, economic growth theories provide explanations for the important role FDI 
plays in accelerating economic growth in developing countries as FDI is a channel for 
transferring advanced technologies to developing countries (Blomström 1991; 
Grossman & Helpman 1994).  
 
From an empirical point of view, FDI has a significant positive effect on economic 
growth. In particular, empirical evidence has been found in the cases of developing or 
emerging countries (Wai et al. 2009; Farshid et al. 2009; Mohanty & Moharana 2015). 
Therefore, in addition to education, for this study FDI was chosen as an exogenous 
variable affecting economic growth. The literature on investment liberalization suggests 
that a rapid expansion in the scale of FDI increases environmental degradation because 
of its input requirement. However, cleaner production techniques embodied in FDI 
improves environmental quality, showing a positive effect (Hoekman et al. 2002).  
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Thirdly, the literature shows that population health status is influenced by health 
services. Discussion in section 4.5.2 suggests how Vietnam’s healthcare system impact 
on population health. Moreover, in the basis of the WHO (2015, p. 101)’s indices of 
health systems, Vietnam specifies annual hospital bed density as health indicators and 
its role on improving and protecting population health. Therefore, this study used health 
service as an exogenous variable and the number of patient beds is the proxy.  
 
Fourthly, the natural resources-population growth relationship argued in Thomas Robert 
Malthus’s first essay in 1798 implied that population increases in a geometrical fashion 
whereas the food supply only increases in an arithmetical progression. With this 
relationship Malthus argued that there could be a  food shortage if there is an unchecked 
population growth (Malthus 1798).  
 
More than a century later, Boserup (1965) claims that population growth pressure on the 
stock of natural resources stimulates improvement in food production technology that 
alleviates the impact of continued population growth and natural resource exploitation. 
Each person added to the global population increases emissions; however, the additional 
contribution to emissions varies broadly depending on the socio-economic and 
geographic conditions of the additional person (Edenhofer et al. 2014, p. 369). 
Therefore, population size was chosen as an exougenous variable affecting per capita 
carbon dioxide equivalent emissions. 
 
In the above model, endogenous variables (GDPPC, CO2 and TUB) are simultaneously 
determined. Our equation system satisfies the order-condition that is the necessary 
condition for identification. The order-condition is the state of a set of simultaneous 
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equations. That is, each equation in the simultaneous equations model satisfies the 
order-condition for its identification if the number of excluded exogenous variables 
from the equation is at least equal to the number of included right-hand side endogenous 
variables in the equation (ed Wooldridge 2010, p. 245).  
 
In the present three-equation system, the first equation satisfies the order-condition 
since there are two excluded exogenous variables (GRE and FDI) for one right-hand 
side endogenous variable (GDPPC). The second equation passes the order-condition 
since there is an excluded exogenous variable (NPB) for one right-hand side 
endogenous variable (TUB). Similar to the first equation, the third equation satisfies the 
order-condition since there are two excluded exogenous variables (FDI and POP) for 
one right-hand side endogenous variable (CO2). It is assumed that exogenous variables 
(including GRE, FDI, NPB and POP) are uncorrelated with error terms. It is assumed 
that error terms are uncorrelated. 
 
Following the theoretical implication, Table 6.1 lists the expected signs of all the 
explanatory variables in equations (6.1), (6.2), and (6.3). The equation (6.1) of the 
model relates lnGDPPC with lnTUB, lnGRE and lnFDI. The hypothesis is that 
tuberculosis prevalence, education and FDI has a direct effect on real per capita GDP. 
Education and FDI are expected to have a long-term positive relationship with real per 
capita GDP. Education and FDI are especially necessary ingredients for economic 
growth because they have a positive relationship with economic growth. Meanwhile, the 
expectation is that the relationship between tuberculosis prevalence and real per capita 
GDP is negative because diseases reduce people’s productivity levels and, hence, their 
income.  
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The equation (6.2) relates lnTUB with lnCO2 and lnNPB. The expectation is that 
carbon dioxide equivalent emissions are positively associated with diseases such as 
tuberculosis. The health service in terms of number of patient beds should have a 
negative impact on number of tuberculosis cases. 
 
The equation (6.3) of the model relates lnCO2 with lnGDPPC, lnFDI and lnPOP. It is 
noted that per capita carbon dioxide equivalent emissions is associated with real per 
capita GDP, FDI and population size. It means that higher GDP is associated with an 
increase in emissions causing a change in environmental quality. The FDI in Equation 
(6.3), controlling the effect of FDI on emissions, is expected to enter with either a 
positive sign or a negative sign.  
 
The sign of another explanatory variable in Equation (6.3), population size, is expected 
to be either positive or negative. Because the volume of emissions will be produced will 
increase with an increase in population size, it follows that there is a positive linkage 
between population size and the volume of emissions or a positive relationship between 
population density and per capita emissions.  
 
The model considers variables of population size and per capita emissions and, 
therefore, the relationships between them may be negative in the case that the growth 
rate of emissions increases more slowly than population size. At every income level, the 
sparsely populated provinces are likely to be less concerned about decreasing emissions 
per capita, than are the more densely populated provinces (Selden & Song 1994). 
Therefore, a negative sign for the population size is also permitted. 
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Table 6.1- Expected Signs of the Estimated Coefficients in Equation (6.1), (6.2), 
and (6.3) 
Equation (6.1)   Equation (6.2)   Equation (6.3)  
Explanatory 
variables 
Signs  Explanatory 
variables 
Signs  Explanatory 
variables 
Signs 
lnTUB -  lnCO2 +  lnGDPPC + 
lnGRE +  lnGRE -  lnFDI +/- 
lnFDI +  lnNPB -  lnPOP +/- 
 
6.4. Data Description 
 
In this analysis, a sample composed of all provinces of Vietnam over the period 2000 to 
2010 was employed. The data of per capita GDP, tuberculosis prevalence, graduate 
enrolment, FDI, number of patient beds and population size were obtained from GSO’s 
annual statistic books for each of the years 2000 to 2011. The data of carbon dioxide 
equivalent emissions per capita computed in Section 5.3.2, Chapter Five, was also used. 
Table 6.2 lists the descriptive statistics of all the variables used in this chapter. 
 
Table 6.2- Descriptive Statistics of Variables 
Variables 
Sample 
mean 
Standard 
deviation 
Sample 
minimum 
Sample 
maximum 
Samples 
CO2 equivalent 
emissions per capita 
(tons) 
2.0227 0.4491 0.8283 3.2866 660 
GDP per capita 
(thousand VND) 
11100.210 15265.780 1640.827 169656.300 660 
Number of 
tuberculosis cases per 
thousand people 
1.043 0.449   0.233 2.853 660 
Graduate enrolment 25011.76 83778.91 155 668227 594 
FDI (million  US$) 1580 4070 0.5 31000 623 
Number of patient 
beds 
2959.227 2626.759 746 23814 660 
Population size 
(people) 
1372270 1052899 278400 7378000 660 
Note: This table provides a descriptive statistics of variables of an empirical sample of 60 provinces 
analysed in this chapter. The variables include CO2 equivalent emissions per capita, GDP per capita, 
tuberculosis prevalence, FDI, number of patient beds and population size. 
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6.5. Estimation Technique 
 
Two approaches are adopted. The first approach is instrumental variables and two-stage 
least squares. The second approach is two-step system dynamic generalized method of 
moments.  
 
6.5.1. Instrumental Variables and Two-stage Least Squares (2SLS) 
 
The postulated simultaneous equations model is estimated by instrumental variables and 
two-stage least squares (2SLS). According to Wooldridge (ed 2013, pp. 528-531), the 
2SLS estimator may be used in the model in which there are multiple endogenous 
explanatory variables as well as any number of instruments and exogenous variables.  
 
For each included endogenous variable, the model must have at least one instrument, 
that is, one exogenous variable that does not itself appear in the equation, or satisfies an 
exclusion restriction. The present model has more instruments than endogenous 
variables (three included endogenous variables and four exogenous variables) and 
satisfies the order condition with inequality. The 2SLS form of the estimator might be 
applied to derive unique estimates. Moreover, all three equations in our model are over-
identified and the 2SLS method is the most commonly used for estimating our 
simultaneous equations models (Shen 2006, p. 388). 
 
Since the simultaneous equations model has three equations (6.1), (6.2) and (6.3), the 
variables of real per capita GDP, tuberculosis prevalence and carbon dioxide equivalent 
emissions are endogenous, and those variables’ disturbance term is postulated to be 
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correlated with the disturbance term of another variable on which it has a direct impact. 
The single polynomial equation estimation may yield biased and inconsistent estimates, 
therefore necessitating the instrumental variables and the 2SLS approach. 
 
To apply 2SLS, the instruments must be found and used to generate the new variables in 
the first stage of 2SLS (Bollen 1996). The instruments are the exogenous variables, 
which are statistically independent of the error term in the model, and must be rationally 
and well associated with the endogenous variables (Dunning 2008). In the simultaneous 
equations system here, Equation (6.1) has three exogenous variables (number of 
graduate students, FDI, and number of patient beds), Equation (6.2) has four (number of 
graduate students, number of patient beds, FDI and population size), and Equation (6.3) 
has three (FDI, population size and number of graduate students). All the exogenous 
variables in the linear simultaneous systems are used to be the instrumental variables for 
all the endogenous variables (Shen 2006). 
 
6.5.2. Two-step System-dynamic Generalized Method of Moments (GMM) 
 
In this study the simultaneous equations model is also estimated by the two-step system-
dynamic GMM. The system-dynamic GMM method has several advantages. It is 
designed for large cross sections (N) and small time dimension (T). It is recommended 
that system-dynamic GMM is the best technique for panel data having a time series less 
than 20 and especially when the time series of unbalanced data is less than 10  (Judson 
& Owen 1999). Thus, it suits the present case because time is equal to 11 years whereas 
cross-provinces are 60.  
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Moreover, system-dynamic GMM estimation resolves autocorrelation caused by the 
presence of the lagged dependent variables since the first-differenced lagged dependent 
variables are instrumented with their past levels. Other advantage of system-dynamic 
GMM is efficiency in the presence of heteroskedasticity. Judson and Owen (1999) also 
provide evidence that system-dynamic GMM is able to produce the smallest root-mean-
square errors (RMSEs).  
 
This study applies a two-step system-dynamic GMM that uses moment conditions from 
the first-differences and the levels of the residuals. This approach allows that the lagged 
first differences of the variables are used as instruments for the levels equations 
(Arellano & Bover 1995) and overcomes the endogeneity and unobserved province 
heterogeneity issues inherent in dynamic panel data models (Hansen 1982). Finally, 
system-dynamic GMM is able to correct measurement error and omitted variable bias 
(Bond et al. 2001).  
 
By applying the two-step system-dynamic GMM method, the dependent variables 
lagged, namely GDPPCit, TUBit and CO2it in Equation 6.4, Equation 6.5 and Equation 
6.6 respectively, indicate their dynamic nature which explains their interdependence 
across period. Using lagged values of both dependent and independent variables as 
instruments is to assume that these variables in the models are weakly exogenous. 
Therefore, the structural equations (Equation 6.1, Equation 6.2 and Equation 6.3) 
represented in Section 6.3 is rewritten in the case of the two-step system-dynamic 
GMM estimation as follows: 
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1 2 ( 1) 3 4 5ln ln ln ln lnit i t it it it itGDPPC GDPPC TUB GRE FDI              (6.4) 
1 2 ( 1) 3 4ln ln ln 2 lnit i t it it itTUB TUB CO NPB e                                    (6.5) 
1 2 ( 1) 3 4 5ln 2 ln 2 ln ln lnit i t it it it itCO CO GDPPC FDI POP              (6.6) 
 
Equation 6.4 is for testing the dependence of GDPPC on population health (TUB). It is 
augmented with TUB as the variable of interest and with other exogenous variables 
including GRE and FDI. In the equation 6.4, the first lag of the dependent variable 
(GDPPC) is introduced as an instrumented variable with its past levels; which would 
indicate the dependent variable’s dynamic nature which explains its interdependence 
across periods. The first lagged level of GDPPC is used to create a GMM-type 
instrument for the differenced equation. It is assumed that tuberculosis prevalence as a 
proxy of population health is an independent variable since health would be one of the 
factors affecting output. It is expected that α3 and α4 have negative and positive signs 
respectively, and α5 is expected to have a negative or positive sign.  
 
Equation 6.5 is for testing the effects of carbon dioxide equivalent emissions and 
another exogenous variable (NPB) on TUB. In the equation, TUB is a dependent 
variable, whose first lagged level is used to create a GMM-type instrument for the 
differenced equation. Carbon dioxide equivalent emissions per capita is an independent 
variable. NPB is an exogenous variable which can influence health. Per capita carbon 
dioxide equivalent emissions is expected to affect disease prevalence. The effect could 
be positive. The number of patient beds is expected to have a negative relationship with 
disease prevalence. Hence, it is required that λ3 has a positive sign whereas a negative 
sign for λ4 is expected.  
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Equation 6.6 is for examining the dependence of carbon dioxide equivalent emissions 
on output and other exogenous variables (FDI and POP).  In the equation, per capita 
GDP is an explanatory variable. The lagged dependent variable, CO2it is used to create 
a GMM-type instrument for the differenced equation. The first differences of all the 
variables are used as standard instruments for the differenced equation. To estimate 
system-dynamic GMM, the first lagged per capita carbon dioxide equivalent emissions 
is added to the equation. The empirical literature suggests that per capita GDP will 
influence per capita emissions positively. FDI might influence emissions positively or 
negatively through use of clean technology. Population size has possible positive or 
negative effects on per capita emissions as explained in Section 6.3. Therefore, we 
expect a positive sign for β3. β4. β5 are expected to have a positive or negative sign.  
 
Two specification tests are employed to examine the consistency of the GMM 
estimator. Firstly, the Sargan test allows for testing of the validity of these instruments. 
The Sargan test (Sargan 1980; Hansen 1982) is a test of the over-identifying restrictions 
for the GMM estimators with reported p-value. In other words, it is used for examining 
the validity of instrument variables created in a System-GMM. This test provides the 
answer about how the instrumental variable’s independence from an unobservable error 
process can be ascertained. If the Sargan test informs that these instruments are valid, 
then the system-dynamic GMM estimation is the most appropriate techniques for the 
panel data of various dimensions with a large sample and short time series. The second 
test is used for testing the null hypothesis that the error term is not serially auto-
correlated.  
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6.6. Result and Discussion 
 
STATA 12 software was used for the estimation but before estimating the model the 
correlation coefficients of independent variables in the logarithmic form is tested. Table 
6.3 demonstrates that correlation coefficients are relatively weak; therefore, it is 
concluded that there is no multicollinearity issue. 
 
Table 6.3- Correlation Coefficients 
Equation (6.1) 
 lnTUB lnGRE lnFDI 
lnTUB 1.000   
lnGRE -0.084 1.000  
lnFDI 0.027 0.564 1.000 
Equation (6.2) 
 lnCO2 lnNPB  
lnCO2 1.000   
lnGRE 0.054 1.000  
Equation (6.3) 
 lnGDPPC lnFDI lnPOP 
lnGDPPC 1.000   
lnFDI 0.664 1.000  
lnPOP 0.287 0.503 1.000 
 
The empirical results have been obtained using instrumental variables and the two-stage 
least squares method, and the two-step system-dynamic GMM method for estimating 
the simultaneous equations model.  Instrumental variables and the 2SLS method that 
performs Baltagi’s EC2SLS
12
 was employed The advantage of EC2SLS is that it may 
yield different estimates and standard errors in empirical analyses with finite N and T 
(Baltagi & Liu 2009). Table 6.4 presents the empirical results in the case of the 2SLS 
method and of estimating the model in equations (6.1), (6.2) and (6.3) in which real per 
                                                 
12
 Baltagi derived a 2SLS analogue for a simultaneous equations model with error components. It was 
denoted by EC2SLS. 
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capita GDP, number of tuberculosis cases and per capita carbon dioxide equivalent are 
determined simultaneously. 
 
Table 6.4- Estimated Results in the Case of Vietnam (IVs and 2SLS Method) 
Equation (6.1) 
Dependent variable: GDPPC 
Equation (6.2) 
Dependent variable: TUB 
Equation (6.3) 
Dependent variable: CO2 
Cons. 4.563
*
 
(0.257) 
Cons.              -0.243 
(0.536) 
Cons.             -1.371 
(1.925) 
TUB -0.876
**
 
(0.375) 
CO2         -0.063 
(0.101) 
GDPPC 0.323
*
 
(0.011) 
GRE 0.020 
(0.027) 
NPB 0.030 
(0.071) 
FDI -0.008 
(0.005) 
FDI 0.223
*
 
(0.018) 
  POP -0.048 
(0.140) 
R-square:  R-square:          R-square:  
within 0.1910 within 0.0000 within 0.8909 
between 0.3556 between 0.0000 between 0.3472 
overall 0.2770 overall 0.0001 overall 0.0656 
Obs. 577 Obs.            623 Obs. 577 
Note: All variables are in natural logarithms. Standard errors are in parentheses. 
***
significant at the 10% level; 
**
significant at the 5% level; and 
*
significant at the 1% level. 
 
The estimates for Equation (6.1) summarized in Table 6.4 suggest that most of the 
variables have a significant effect (with the expected sign) on per capita real GDP in 
Vietnam. Disease prevalence and FDI do appear to be important in determining per 
capita real GDP. Whereas disease prevalence reduces per capita GDP, FDI increases per 
capita GDP. With regard to health outcomes estimated by Equation (6.2), the results 
show insignificant effects of emissions and number of patient beds on tuberculosis’s 
prevalence in Vietnam. A positive GDP-emissions relationship was found in the results 
of the 2SLS estimates for carbon dioxide equivalent emissions (Equation (6.3)). 
However, R-square values of equations (6.2) and (6.3) are very small and the results of 
the GMM method become the focus. 
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Table 6.5 summarizes the empirical results of the two-step system-dynamic GMM 
method of estimating the model in equations (6.4), (6.5) and (6.6). For the system-
dynamic GMM method, the validity and reliability of the instrument are identified by 
the serial correlation tests AR1 and AR2. The AR test indicates that there are no 
statistical issues in the equations (6.4), 6.5 and (6.6) since the system-GMM estimators 
have no serial autocorrelation at their second order correlation. The results of the Sargan 
test show that the null hypothesis of overall exogeneity of the instruments in system-
dynamic GMM estimation is unable to be rejected. The instruments are overall 
exogenous in the cases of Equation (6.4), Equation (6.5) and Equation (6.6) as shown 
by the p-value of about 1.000 of the Sargan test. This is evidence of validity of the 
instrumental variables in the model. Therefore, the estimators of two-step system-
dynamic GMM are consistent for all three equations. 
 
The results shown in Table 6.5 illustrate that tuberculosis prevalence emerges as the 
significant determinant of real GDP per capita at the 1% level. It can be inferred that for 
every 1% decrease in number of tuberculosis cases, per capita real GDP increase by 
about 0.121%. Whereas tuberculosis prevalence reduces economic growth, education 
and FDI make a positive contribution to economic growth.  
 
The significant effects of education and FDI on economic growth are at the 1% level 
and a 1% increase in graduate enrolment will result in a 0.032% growth in per capita 
real GDP. Similarity, for every 1% increase in FDI, per capita real GDP will increase a 
0.024%. The lagged per capita real GDP coefficient is significant at the 1% level; 
arguably indicating the assumption about the dynamic nature of the per capita real GDP. 
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Meanwhile, the results of equation (6.5) show that emissions and the number of patient 
beds insignificantly affect tuberculosis prevalence. The results show a significant 
positive effect of per capita GDP on carbon dioxide equivalent emissions at the 1% 
level in Vietnam; which is as same as the finding of Al-Mulali et al. (2015, p.129). The 
results of the present study suggest that a 1% increase in per capita GDP will cause a 
0.023% increase in per capita carbon dioxide equivalent emissions. Population size has 
a significant effect on per capita emissions at the 1% level and enters with one of the 
expected signs shown in Table 6.1. The result also shows a positive FDI-emissions 
relationship at the 1% significant level. A 1% increase in FDI increases the per capita 
emissions by 0.003%. The lagged per capita carbon dioxide equivalent emissions is 
significant at the 1% level identifying the dynamic nature of carbon dioxide emissions. 
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Table 6.5- Estimated Results in the Case of Vietnam (Two-Step System-Dynamic 
GMM Method) 
Equation (6.4) 
Dependent variable: GDPPC 
Equation (6.5) 
Dependent variable: TUB 
Equation (6.6) 
Dependent variable: CO2 
Cons. -0.590
*
 
(0.033) 
Cons.       0.031 
(0.370) 
Cons.   0.579
*
 
(0.029) 
Lagged GDPPC 1.002
*
 
(0.003) 
lagged TUB       0.711
*
 
(0.015) 
lagged CO2   0.881
*
 
(0.001) 
TUB     -0.121
*
 
(0.004) 
CO2      -0.041 
(0.012) 
GDPPC 0.023
*
 
(0.000) 
GRE 0.032
*
 
(0.002) 
NPB    -0.000 
(0.051) 
FDI   0.003
*
 
(0.000) 
FDI 0.024
*
 
(0.002) 
  POP  -0.051
*
 
(0.002) 
AR1 p-value 0.0020 AR1 p-value      0.0000 AR1 p-value  0.0037 
AR2 p-value 0.7889 AR2 p-value      0.4693 AR2 p-value 0.0715 
Sargan p-value 1.0000 Sargan p-value      1.0000 Sargan p-value 0.9999 
Obs. 577 Obs.           600 Obs. 578 
Instruments 111 Instruments           110 Instruments 111 
Note: All variables are in natural logarithms. Two-step standard errors are in parentheses.  
***
significant at 
the 10% level; 
**
significant at the 5% level; and 
*
significant at the 1% level. 
 
Finally, the dataset is divided into six regions: Red River Delta, Northern Midlands and 
Mountain, North Central and Central Coast, Central Highlands, South East, and 
Mekong River Delta. Equations (6.4), (6.5) and (6.6) are estimated for each region. The 
estimated results are reported in Table 6.6. 
 
Table 6.6- Empirical Results across Six Regions of Vietnam (Two-Step System-
Dynamic Method) 
 Red 
River 
Delta 
Northern 
Midlands 
and 
Mountain 
North 
Central 
and 
Central 
Coast 
Central 
Highlands 
South 
East 
Mekong 
River 
Delta 
Equation (6.4)                           Dependent variable: GDPPC 
Cons. -0. 892
* 
(0 .246) 
-0.654
*
 
(0.043) 
-0.531
* 
(0.073) 
(omitted) -2.527 
(2.527) 
-0.366
* 
(0.064) 
Lagged 
GDPPC 
0.963
*
 
(0.064) 
1.022
*
 
(0.031) 
1.030
*
 
(0.037) 
1.166
*
 
(0.186) 
0.805
*** 
(0.418) 
1.031
*
 
(0.059) 
TUB 0.013 
(0.029) 
-0.001 
(0.044) 
-0.001 
(0.013) 
-0.314
***
 
(0.188) 
-0.048 
(0.123) 
-0.029 
(0.036) 
GRE      0.011 
  (0.026) 
0.021 
(0.022) 
0.026 
(0.036) 
-0.612
 
(0.456) 
0.132 
(0.211) 
0.003 
(0.054) 
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 Red 
River 
Delta 
Northern 
Midlands 
and 
Mountain 
North 
Central 
and 
Central 
Coast 
Central 
Highlands 
South 
East 
Mekong 
River 
Delta 
FDI 0.065
***
 
(0.038) 
0.026
*
 
(0.011) 
0.010
***
 
(0.005) 
-0.176 
(0.269) 
0.155 
(0.288) 
0.011 
(0.009) 
AR1 p-value 0.088 0.099 0.007 N/A 0.161 0.005 
AR2 p-value 0.383 0.503 0.197 N/A 0.180 0.010 
Sargan p-value 1.000 1.000 1.000 N/A 1.000 1.000 
Obs. 106 120 139 40 56 116 
Instruments 95 100 105 55 69 99 
Equation (6.5)                             Dependent variable: TUB 
Cons. -16.272 
(13.632) 
-0.070 
(11.888) 
-4.852 
(3.713) 
-61.129 
(112.785) 
-11.195 
(17.971) 
13.766 
(9.021) 
lagged TUB 0.126
 
(0.426) 
0.334 
(0.310) 
0.258 
(0.214) 
-1.955 
(2.243) 
-0.374 
(0.823) 
0.111 
(0.261) 
CO2 -2.076 
(1.771) 
-0.897 
(1.525) 
-0.703 
(0.391) 
- 3.042 
(7.666) 
0.835
 
(3.144) 
2.704
*
 
(1.193) 
NPB      2.190 
   (1.826) 
0.092 
(1.687) 
0.682 
(0.505) 
8.088 
(15.189) 
1.367 
(2.406) 
-2.041 
(1.259) 
AR1 p-value 0.632 0.220 0.132 0.401 0.569 0.207 
AR2 p-value 0.625 0.712 0.860         0.525 0.412 0.395 
Sargan p-value 1.000 1.000 1.000 1.000 1.000 1.000 
Obs. 110 128 140 40 60 120 
Instruments 95 101 104 54 68 98 
Equation (6.6)                               Dependent variable: CO2 
Cons. 0.506 
(2.131) 
0.437 
(0.649) 
-4.403 
(7.058) 
(omitted) (omitted) -1.648 (3.199) 
lagged CO2 0.884
*
 
(0.034) 
0.836
*
 
(0.023) 
0.884
*
 
(0.050) 
1.485
*
 
(0.442) 
0.931
*
 
(0.211) 
0.715
*
 
(0.031) 
GDPPC 0.021
***
 
(0.011) 
0.033
*
 
(0.007) 
0.010
*** 
(0.005) 
-0.076 
(0.119) 
0.012 
(0.109) 
0.080
*
 
(0.012) 
FDI 0.001 
(0.003) 
0.003 
(0.002) 
0.003
*
 
(0.000) 
-0.399
***
 
(0.228) 
-0.004 
(0.075) 
-0.002 
(0.006) 
POP -0.042 
(0.148) 
-0.045 
(0.051) 
0.313 
(0.508) 
0.550
***
 
(0.313) 
0.023 
(0.567) 
0.085 
(0.232) 
AR1 p-value 0.016 0.005 0.126 N/A N/A 0.018 
AR2 p-value 0.001 0.040 0.274 N/A N/A 0.004 
Sargan p-value 1.000 1.000 1.000 N/A N/A 1.000 
Obs. 106 121 139 40 56 116 
Instruments 95 101 105 55 69 99 
Note: All variables are in natural logarithms. Two-step standard errors are in parentheses.  
***
significant at 
the 10% level; 
**
significant at the 5% level; and 
*
significant at the 1% level. Two-step standard errors are 
in parentheses. Some tests are not available (N/A) because they cannot be calculated with dropped 
variables.  
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The results summarised in Table 6.6 indicate that the effect of FDI on per capita GDP is 
positive and significant in the case of the Red River Delta, the Northern Midlands and 
Mountain, and the North Central and Central Coast.  
 
The results illustrate that the hypothesis of a positive effect of carbon dioxide emissions 
on per capita GDP holds for all six regions. This finding is consistent with the result for 
the country shown in Table 6.4. With regard to the emission-health relationship, for the 
case of the Mekong River Delta, carbon dioxide emissions have a significant (at the 1% 
level) positive impact on tuberculosis prevalence. A 1% increase in emissions causes 
tuberculosis cases to increase by 2.704% in this region. This finding is consistent with 
the theoretical derivation from the conceptual framework chapter. That is, an increase in 
emissions causes a decrease in population health.  
 
The results also show that FDI has a positive and significant (at the 1% level) impact on 
emissions in the North Central and Central Coast region. A 1% increase in FDI leads to 
a 0.003% increase in emissions in the North Central and Central Coast region and this is 
consistent with the result for the country and recent records of environmental disasters 
in Vietnam. 
 
6.7. Conclusion 
 
This chapter has considered the simultaneous interrelationship between output, 
emissions and health in Vietnam by using a model of simultaneous equations. The panel 
data from all Vietnamese provinces from 2000 to 2010 was used. The instrumental 
variables and 2SLS estimation, and the two-step system-dynamic GMM estimation 
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were employed. Since the 2SLS method shows quite small values of R-square, the focus 
moved to a discussion of the empirical results in the case of the two-step system-
dynamic GMM method. The results vindicate the derived theoretical prediction and the 
hypotheses obtained in the conceptual framework chapter: 
 
(1) A positive carbon dioxide emissions-disease relationship was found for the Mekong 
River Delta. 
 
(2) Population health is an important input into economic growth in Vietnam. Better 
population health leads to increased output. Human capital and FDI are other factors 
determining Vietnam’s economic growth.  
  
(3) Increase in output causes an increase in the emissions in Vietnam. This finding is 
consistent with the finding of Al-Mulali et al. (2015, p.129). Although their finding did 
not provide support for the EKC hypothesis, a positive economic growth-environmental 
pollution relationship was found for Vietnam. 
 
(4) There is a positive relationship between FDI and carbon dioxide emissions in the 
North Central and Central Coast region where the worst environmental disasters caused 
by the FDI projects have been recently recorded. 
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CHAPTER SEVEN- SUMMARY AND RECOMMENDATIONS 
 
7.1. Summary of the Study 
 
There are fundamental relationships between economic development, the environment 
and population health. The ultimate goal of economic development is to increase human 
longevity and the quality of life. This goal cannot be achieved without a clean 
environment (Tong et al. 2002, p. 40). The literature suggests that the factors associated 
with economic development, environment and health have not been adequately 
discussed theoretically or analysed empirically. Therefore, this study is both a 
theoretical discussion and an empirical analysis of the interrelated factors.  
 
For the theoretical purpose, this study first constructed a conceptual framework that 
comprised a two-period dynamic model of optimal emissions and investments in 
technology, environment and health, and then derived a theoretical prediction of the 
relationship between emissions from production processes and environment and health. 
Testable hypotheses of interrelationships between production, emissions and health 
were listed. 
 
For the empirical purpose, Vietnam was chosen as a case study. Over the past 30 years 
Vietnam has experienced a remarkable period of economic growth and this rapid 
economic growth has resulted in environmental pollution and issues of human health. 
Recently environmental disasters have been recorded in Vietnam. Al-Mulali et al. 
(2015) found a positive GDP-environmental pollution relationship in Vietnam. 
However, the literature showed that the interrelationships between economic growth 
 
168 
 
and issues of environment and health have not been adequately discussed in the case of 
Vietnam. Therefore, this present study analysed the interrelated factors indicated in the 
conceptual framework as measures of development by estimating the variations in 
income, emissions, health services and population health between, and within, regions 
in Vietnam. The Theil entropy index was applied to the methodology to estimate the 
variations.  
 
This study also examined simultaneous relationships between output, emissions and 
health in Vietnam based on the panel data approach (60 provinces with 11 annual 
observations from 2000 to 2010). A combination of the findings from the theoretical 
and empirical analyses was used to draw up specific recommendations for the 
Vietnamese government. 
 
7.2. Major Findings 
 
7.2.1. Theoretical Derivations 
 
The conceptual framework showed that health and quality of the environment are 
essential for survival. The theoretical prediction was that the worse the initial condition 
of the environment and health, the smaller the emission from production processes in 
both present and future periods. The testable hypotheses were:  
 Increased output increases emissions,  
 Lower emissions leads to better population health,  
 Better population health has a positive effect on output, and  
 The health service has a positive impact on population health. 
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7.2.2. Empirical Findings 
 
Table 7.1 summarizes the empirical results discussed in Chapter Five and Chapter Six. 
The results in Chapter Five showed the variations in the interrelated variables 
considered in the conceptual framework as measures of development. The interrelated 
variables were income, emissions, and health between, and within, Vietnam’s regions.  
 
The results show that: (1) high income regions (for example, the South East and Red 
River Delta) have made a large contribution to emission inequality, and (2) high 
emission regions such as the Mekong River Delta have made a large contribution to 
population health inequality. Theil’s inequality index estimation also shows a slight 
downward trend of overall, between-region and within-region inequalities in income 
and health services, and a slight upward trend in population health inequality. 
Moreover, a noticeable downward trend of between-region, within-region and national 
inequalities in emissions was found. There exists a high within-region contribution but a 
modest between-region contribution to the national inequality index of income, 
emissions and health. 
 
The results of simultaneous system analysis in Chapter Six show that emissions have a 
significant positive impact on tuberculosis prevalence in the Mekong River Delta. It 
means that lower emissions lead to better population health and this is consistent with 
the theoretical derivation. As for the output-emissions relationship, the results show that 
per capita GDP has a significant effect on emissions in Vietnam. This is consistent with 
the estimation of Al-Mulali et al. (2015). The results suggest a significant (at the 1% 
level) negative emissions-tuberculosis relationship in the Mekong River Delta. A 1% 
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increase in emissions will cause a 2.704% decrease in the number of tuberculosis cases. 
Meanwhile, there is a significant (at the 1% level) negative impact of population health 
(disease prevalence as a proxy) on GDP throughout the country. A 1% decrease in 
tuberculosis prevalence will result in a 0.121% increase in per capita real GDP. 
 
Table 7.1- Summary of the Empirical Findings of the Relationships between 
Output, Emissions, and Population Health in Vietnam  
Output-
emissions 
relationship 
1. High income regions such as South East region and Red River 
Delta region have made a large contribution to emission inequality. 
 
2. There is a significant positive effect (at the 1% level) of per 
capita GDP on carbon dioxide emissions equivalent. 
 
3. Although the AR test indicates that there are statistical issues, a 
positive output-emission relationship is at the 1% significance level 
in Vietnam’s regions such as the Red River Delta, Northern 
Midlands and Mountain, North Central and Central Coast, and 
Mekong River Delta. 
Population 
health-output 
relationship 
1. There is a significant negative effect (at the 1% level) of 
tuberculosis prevalence on output. 
Emissions-
population 
health 
relationship 
1. High emission regions such as the Mekong River Delta have 
made a large contribution to population health inequality. 
 
2. There is a significant positive effect (at the 1% level) of 
emissions on tuberculosis prevalence in the Mekong River Delta. 
 
Moreover, the study suggests that FDI and education are good for Vietnam’s GDP. This 
finding is consistent with the estimation of Anwar and Lan (2010). A 1% increase in 
FDI will lead to a 0.024% growth in per capita real GDP. A 1% increase in graduate 
education will raise per capita real GDP by 0.032%. FDI plays an important role in 
regional economic growth; however, it caused an increase in emissions in some regions 
such as the North Central and Central South Coast.  
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7.3. Policy Recommendations 
 
The key issues for policy makers in Vietnam are as follows: 
 
1. Vietnam has witnessed a significant structural transformation that has fostered rapid 
economic growth but generated inequalities in the interrelated factors of 
development; income, environmental pollution and health. The rise in inequality in 
outcomes partly reflects the process of structural transformation since economic 
reform which has shifted labour away from the agricultural sector into non-
agricultural sectors such as industrial and service sectors (Kozel 2014). The non-
agricultural sectors require higher skilled and educated workers; however, 
households living in remote regions are characterized by lower average education 
levels. Therefore, it is suggested that there is an active role for education investment 
policies to help households living in remote region adapt to the structural 
transformation of the economy. The system of schools and classes, and school 
facilities should be upgraded and improved. The quality of education should be 
ensure that learners will have the knowledge and skills to meet the socio-economic 
development challenges.  
 
Vietnamese social equity in access to education system improved in the period of 
2000-2012, in particular among ethnic minorities, poor families in remote regions 
such as the Central Highlands and the Mekong Delta (MOET 2015, p. 9). 
Vocational training centres were established in most of highly populated regions. 
Education investment increased 20% in 2007 and since then this figure has 
remained stable. In next years, the education investment rate to the overall national 
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budget will be more than 20% and also cover education in disadvantaged regions 
(MOET 2015, p. 71). 
  
2. The inequalities in income, emissions and health also reflect the economic 
polarization of some advanced regions. The reason here is that a concentration of 
economic activity and population in advanced regions may have an adverse effect 
on regional economic growth and cause environmental pollution; thereby impacting 
on the quality of life in these regions. Therefore, policy-makers should consider 
effective and sustainable regional socio-economic development strategies: 
 Improve governance for more effective resource allocation to reduce poverty 
and inequality between, and within, regions,  
 Work towards regional economic regeneration via industrialization, 
modernization and creation of job opportunities for people living in remote 
regions,  
 Develop a more fair geographical allocation of public services (health and public 
education systems) and infrastructure facilities (water, electricity, 
accommodation and information),  
 Improve transportation infrastructure between provinces and their surrounding 
areas,  
 Provide good living environments for the population in each region. For 
example, the percentage of households using electricity, hygienic latrine, and 
having hygienic water sources, should increase in rural areas. In 2016, 93.4% of 
households had water sources, 96.2% of households in urban areas used 
hygienic latrine whereas only 77% of households in rural areas used hygienic 
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latrine. 100% of households in urban areas used national electricity network 
whereas 98.3% of households in rural areas used this network (GSO 2016).          
 Regional immigration policies should be considered during the process of 
economic reform. 
 
3. The results suggest that advanced regions of Vietnam have had a much larger share 
of healthcare services than the remote regions of Vietnam. Promoting investment in 
healthcare services such as the number of health establishments; medical services 
units in communes, wards, offices and enterprises; the number of patient beds in 
hospitals, regional policlinics and medical service units; the number of medical staff 
and doctors in remote regions is necessary to ensure equitable economic 
development that is viewed as fair by all of Vietnam’s population. 
 
4. The results reveal healthcare services are integral to improving population health 
outcomes, and good health outcomes enable economic growth. Therefore, one of the 
development policies should be to increase investment in healthcare services and to 
make healthcare-service investment more efficient, effective and equitable. There 
should be a long-term national healthcare-service investment plan that can make a 
direct contribution to economic growth. The national healthcare policy should have 
clear targets for future population health improvements and a reduction of the 
burden of disease. To maximize returns on health-service investment, it is vital that 
efforts are made to tackle the causes of inefficiency of the healthcare services in 
Vietnam.  
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5. The empirical analysis confirms that education and FDI are other determinants of 
economic growth. The results also show the role of education in promoting 
Vietnam’s economic growth and the positive effect of FDI on Vietnam’s economic 
growth. This is consistent with the finding of Anwar and Lan (2010). The authors 
argue that increase in FDI in Vietnam increases its economic growth, and the effect 
of human capital on Vietnam’s economic growth is positive. Therefore, policy 
makers in Vietnam should develop long-term strategies that would (1) increase 
human capital by spending more on education, and (2) attract FDI by creating more 
favourable conditions and policies for foreign investors. 
 
Vietnamese education is aim to be oriented toward industrialization, modernization, 
standardization by 2020 ((MOET 2015, pp. 64-65). The quality of education should 
be improved so that learners can gain knowledge, improve skills and develop both 
physically and emotionally. Education investment should be increased by (1) 
ensuring the rate of expenditure on education is at least 20% of the overall State 
budget; (2) encouraging high quality education models and high tuition fees; (3) 
applying the modern education methods; (4) establishing private schools; and (5) 
encouraging national educational institutions to co-operate with international 
education institutions.   
 
The provinces should attract private investment resources in vocational training. 
Some provinces such as Binh Duong, Da Nang and Vinh Phuc have created 
favourable conditions for opening private vocational training centres (USAID/VNCI 
2009, p. 13).  For example, the Department of Home Affairs in Da Nang has given 
the vocational schools higher priority in choosing from the pool of talented and 
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high-qualified graduates under the City’s Talent Attraction Program (USAID/VNCI 
2009, p. 13-14). Similarly, Binh Duong launched policy of attracting human 
resources for vocational institutions from technical colleges in Ho Chi Minh City 
and financial supported for talented students (USAID/VNCI 2009, p. 14). These 
talented students commit to working for these vocational institutions after 
graduation. Vinh Phuc implemented policies of supporting job opportunities and 
vocational training changes for rural labourers in the areas of land clearance to leave 
space for industrial development and urban services (USAID/VNCI 2009, p. 17). 
 
6. There is a significant positive impact of real per capita GDP on per capita carbon 
dioxide equivalent emissions. This is similar to the empirical finding of Al-Mulali et 
al. (2015). The results of the present study suggest that economic growth plays a 
large role in increasing carbon dioxide emissions. However, the Vietnamese 
government cannot stop or reduce the economic growth of the country because there 
were 1,441,261 poor households and 1,338,976 near-poor households in Vietnam at 
the end of 2014 (MOLISA 2015). Therefore, poverty eradication and a low-carbon 
economy and environmental sustainability are the most conflicting targets Vietnam 
faces. Some alternative policy options, including the development of technologies to 
reduce emissions, and improving the role of FDI in mitigating emissions, are 
recommended.  
 
In order to counter increasing carbon dioxide emissions, Vietnam should use 
technology to decrease emissions, particularly from energy generation and 
agriculture. Vietnam has produced high levels of emissions every year  (MONRE 
2011). The energy and agricultural sectors have contributed most to total GHG 
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emissions (MONRE 2003; MONRE 2010). Therefore, Vietnam should innovate and 
apply appropriate advanced technologies in energy production and consumption and 
to the agricultural sector as follows: (1) encourage the use of renewable energy 
sources and the development of a renewable energy technology market, and (2) 
encourage the development and application of technologies to mitigate GHG 
emissions from farming, livestock, and animal feed and food processing. 
 
Vietnam should develop and adopt green technologies for sustainable agriculture. 
For example, soil information system is an important tool for sustainable and 
efficient crop production. Grafting compatibility plays vital role on controlling 
systemic plant diseases and minimizing the use of agrochemicals. 
 
Vietnam should choose the policy instruments from the government policy toolkit 
for green growth in agriculture suggested by the OECD (2013, p. 14) as follows: (1) 
Enact and enforce controls on excessive use of fertilisers and agrochemicals on 
agriculture production; (2) impose taxes on use of environmental-damaging inputs; 
(3) Implement trading schemes for carbon emissions; and (4) lower tax and non-tax 
on agriculture products bearing in mind the potential effect on environment. 
 
7. The result suggests that although FDI is helpful for Vietnam’s economic growth, it 
has a negative impact on environmental quality; in particular in the North Central 
and Central Coast region which have had the worst environmental disasters 
recorded. The importance of developing the green economy has been affirmed in the 
Resolution of the 12
th
 National Party Congress. Therefore, from a policy 
perspective, Vietnam should implement green FDI policies to reach the goal of 
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green economic growth and a low-carbon economy. In particular (1) Vietnam 
should emphasize FDI’s promotion of environmental efficiency through clean-
technologies, environmental friendly technologies, and low-carbon technologies, (2) 
Vietnam should ensure legal enforcement of environmental responsibility of foreign 
investors and FDI projects. In particular this should apply to steel, cement, and 
petrol chemistry projects that pose threats to the environment so as to encourage the 
adoption of environmental friendly technologies, and (3) the FDI projects should be 
required to measure emissions and disclose their emission-related information. 
 
Vietnam has applied corporate income tax incentives for FDI projects located in 
difficult socio-economic condition areas. For example, the tax rate is 10% for 15 
years, and gives tax exemption in 4 years and tax reduction in 9 years (KPMG 2016, 
p. 22). However, Vietnam has introduced environmental protection tax since 2012. 
The aim of the EPT is to impose tax on goods that may be harmful for the 
environment (KPMG 2016, p. 28).  
 
8. Region wise, the analysis reveals that: (1) there is a positive linkage between FDI 
and output in three regions; the Red River Delta, Northern Midlands and Mountain, 
and the North Central and Central Coast, and (2) there is a positive relationship 
between FDI and emissions in the North Central and Central Coast region. This 
suggests that Vietnam is facing uneven economic development issues across its 
regions. The finding of positive relationship between emissions and tuberculosis 
prevalence in the Mekong River Delta suggests that population health is affected by 
environmental pollution. Therefore, Vietnam should implement policies of regional 
emission mitigation by applying carbon capturing and storing, development of 
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renewable sources of energy (for example bio-fuel, and solar power), emission 
quota, and carbon tax. These policies should be developed to ensure a sustainable 
approach to future economic development, to the environment and to population 
health of each region. 
 
In conclusion, Vietnam’s rapid economic growth with significant structural 
transformation has generated inequalities in income, quality of the environment, and in 
the health sector. The main reason is Vietnam’s structural transformation; in particular, 
movement of labour to higher skill sectors (Kozel 2014). The other reasons may be the 
concentration of economic activities in advanced regions and population migration to 
such regions. The empirical results also show that good population health improves 
output. Besides, education and FDI has a positive impact on output. Meanwhile, output 
and FDI have increased carbon dioxide emissions. Therefore, policy suggestions are as 
follows:  
 Encourage efficient, effective and equitable economic development, health-
service investment, and pollution mitigation across regions,  
 Develop long-term strategies for improvement of human capital by increasing 
spending on education across regions,  
 Attract FDI by creating more favourable conditions and policies for foreign 
investors while improving the role of FDI in mitigating emissions, and 
 Encourage the application of pollution mitigation technologies in production and 
consumption processes. 
 
  
 
179 
 
7.4. Limitations and Further Research 
 
This study is limited in several respects. The first issue is that our two-period dynamic 
model with uncertain life-expectancy (see Chapter Three) concentrates on some of the 
control variables and the state of the environment and the state of health. A ‘business-
as-usual’ model and Cobb-Douglas function were used to derive theoretical predictions 
of the relationship between emissions and the states of the environment and health. 
Future work can be done to solve the general model for all variables and to derive 
theoretical conclusions of relationships between investments and the states of the 
environment and health. 
 
The second issue is the selection of the variables in the empirical analysis in Chapter 5 
and Chapter 6. Life expectancy or common diseases are optimal proxies to population 
health. Similar with tuberculosis disease, life expectancy or other diseases are affected 
by environmental, economic and social factors. However, the main reason why life 
expectancy, common diseases or other population health indicators is not used as 
proxies to population health is that the data of those variables are not enough available 
at provincial level. 
 
As mentioned in section 5.3.2, the indicators of atmosphere, land and water are 
expected to be proxy to the environmental performance and used as the variables in 
empirical analysis. However, these environmental indices are not enough available at 
provincial level in Vietnam. Therefore, carbon dioxide emissions equivalent was chosen 
as the environmental performance and estimated by the guidelines of IPCC (1996) and 
MONRE (2003). 
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Similarly, the number of people working on high skilled sectors in each region is a 
probably better proxy than graduation enrolment. However, the data of the number of 
people wording on high skilled sectors in each provinces or regions is not enough 
available. Therefore, Graduation enrolment was chosen as a proxy for human capital. 
 
If the data are enough available, future work can be undertaken to test the 
interrelationships between output, other variables of environmental performance, and 
other health indicators. Moreover, future work can test the theoretical derivations from 
the conceptual framework in other individual countries or groups of countries. 
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APPENDIX 
 
The Substitution Method for the Constrained Maxima 
 
1. A constrained maxima  
 
According to Henderson and Quandt (1971, p. 404), “if it is possible to solve the 
following equation  1 2, ,..., 0ng x x x  for one of the variables, say  1 2 ,..., nx h x x , the 
solution for 1x  can be substituted in  1 2, ,..., nf x x x to give  2 2,..., , ,...,n nf h x x x x   that 
is a function of 1n variables. Denote this function by  2 ,..., nH x x . The maximization 
of  1 2, ,..., nf x x x subject to the constraint is equivalent to the unconstrained 
maximization of  2 ,..., nH x x  with respect to 2 ,..., nx x ”.  
 
2. An unconstrained maxima 
 
According to Henderson & Quandt (1971, pp. 401-402), “it is sufficient for maxima 
without constraints that all first-order increments be negative for maximum. First-order 
increments are given by (A-1):  
1 1 2 2 ... n ndf f dx f dx f dx     (A-1) 
df must be zero for all values of the ( 1,..., )idx s i n  . This implies that 1 1... 0nf f f  . 
Second-order increments are given by (A-2): 
2
1 1
n n
ij i j
i j
d f f dx dx
 
  (A-2) 
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The quadratic form (A-2) must be negative definite for a maximum; that is, 2d f  must 
be negative for a maximum for all values of the 
idx s
 except 0idx   for all i. 
 
The Hessian determinant of the second partial derivatives is 
11 12 1
21 22 2
1 2
...
...
... ... ... ...
...
n
n
n n nn
f f f
f f f
f f f
 
The quadratic form (A-2) is negative definite if, and only if, the principal minors 
obtained by deleting the last (n - i) rows and (n - i) columns (i = n – 1, n – 2, …,0) of the 
Hessian alternate in sign: 
11 21 1
11 12 13
21 22 211 12
11 21 22 23
21 22
31 32 33
1 2
...
...
0, 0, 0,..., ( 1) 0
... ... ... ...
...
n
nn
n n nn
f f f
f f f
f f ff f
f f f f
f f
f f f
f f f
       (A-3) 
The quadratic form is positive definite if, and only if, the principal minors are all 
positive”. 
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The First-Order Conditions to Maximize the Representative Agent’s Expected 
Lifetime Utility 
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The Second-Order Conditions for Maximizing the Representative Agent’s 
Expected Lifetime Utility  
 
The sufficient second-order conditions to maximize the lifetime utility requires that the 
determinant of the following 5x5 Hessian matrix (H) of E(U) must be positive: 
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Table A4.1: Classification of Provinces and Regions in Vietnam 
Table A4.1 lists 63 provinces and 6 regions in Vietnam. There were 60 provinces in 
Vietnam between 2000 and 2003. Some provinces (Dien Bien, Lai Chau, Dak Nong, 
Dak Lak, Can Tho, and Hau Giang) were separated into independent provinces in 2004. 
Therefore, there have been 63 provinces since 2004. However, this present thesis 
employed a sample composed of 60 provinces of Vietnam over the period 2000 to 2010 
with assumption that the provinces have not separated yet. This sample was used for the 
empirical estimations in Chapter Five and Chapter Six. 
Red River 
Delta 
Northern 
midlands 
and 
mountain 
areas 
North Central 
and Central 
coast areas 
Central 
Highlands 
South East 
Mekong 
River 
Delta 
Ha Noi Ha Giang Thanh Hoa Kon tum Binh Phuoc Long An 
Vinh Phuc Cao Bang Nghe An Gia Lai Tay Ninh Tien Giang 
Bac Ninh Bac Kan Ha Tinh Dak Lak Binh Duong Ben Tre 
Quang Ninh Tuyen Quang Quang Binh Dak Nong Dong Nai Tra Vinh 
Hai Duong Lao Cai Quang Tri Lam Dong Ba Ria - Vung Tau Vinh Long 
Hai Phong Yen Bai Thua Thien Hue 
 
Ho Chi Minh Dong Thap 
Hung Yen Thai Nguyen Da Nang 
  
An Giang 
Thai Binh Lang Son Quang Nam 
  
Kien Giang 
Ha Nam Bac Giang Quang Ngai 
  
Can Tho 
Nam Dinh Phu Tho Binh Dinh 
  
Hau Giang 
Ninh Binh Dien Bien Phu Yen 
  
Soc Trang 
 
Lai Chau Khanh Hoa 
  
Bac Lieu 
 
Son La Ninh Thuan 
  
Ca Mau 
 
Hoa Binh Binh Thuan 
   Source: GSO (2012) 
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Table A5.1: CO2 Emissions Equivalent per Capita by Province in Vietnam (Tons) 
  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Red River Delta 
Ha Noi 1.17 1.26 1.38 1.47 1.60 1.68 1.71 1.84 1.98 2.13 2.22 
Vinh Phuc 1.49 1.55 1.70 1.81 1.95 2.02 2.08 2.12 2.38 2.53 2.63 
Bac Ninh 1.60 1.68 1.80 1.89 2.02 2.09 2.12 2.21 2.35 2.49 2.57 
Quang Ninh 1.27 1.36 1.49 1.58 1.72 1.80 1.83 1.96 2.11 2.25 2.35 
Hai Duong 1.57 1.66 1.78 1.86 1.99 2.06 2.10 2.18 2.33 2.47 2.57 
Hai Phong 1.27 1.37 1.48 1.57 1.70 1.78 1.81 1.92 2.07 2.21 2.31 
Hung Yen 1.51 1.61 1.73 1.82 1.96 2.03 2.06 2.20 2.35 2.50 2.61 
Thai Binh 1.63 1.72 1.84 1.95 2.09 2.19 2.23 2.37 2.52 2.68 2.70 
Ha Nam 1.61 1.71 1.84 1.94 2.08 2.17 2.21 2.34 2.50 2.65 2.83 
Nam Dinh 1.53 1.63 1.75 1.85 2.00 2.08 2.14 2.27 2.43 2.57 2.73 
Ninh Binh 1.61 1.72 1.84 1.94 2.08 2.17 2.22 2.35 2.51 2.65 2.75 
Northern Midlands and Mountain 
Ha Giang 1.57 1.67 1.80 1.91 2.06 2.15 2.20 2.35 2.52 2.68 2.79 
Cao Bang 1.78 1.89 2.01 2.13 2.29 2.39 2.45 2.60 2.71 2.87 2.99 
Bac Kan 1.88 1.96 2.11 2.19 2.37 2.46 2.49 2.66 2.76 2.90 2.95 
Tuyen Quang 1.61 1.72 1.84 1.95 2.10 2.18 2.25 2.40 2.57 2.72 2.78 
Lao Cai 1.53 1.67 1.79 1.90 1.95 2.05 2.11 2.26 2.42 2.58 2.70 
Yen Bai 1.48 1.58 1.71 1.81 1.96 2.06 2.11 2.24 2.41 2.56 2.63 
Thai Nguyen 1.51 1.61 1.73 1.83 1.97 2.06 2.10 2.22 2.38 2.51 2.61 
Lạng Son 1.73 1.86 1.96 2.08 2.23 2.32 2.32 2.48 2.61 2.74 2.84 
Bac Giang 1.59 1.68 1.81 1.90 2.06 2.13 2.21 2.32 2.49 2.64 2.76 
Phu Tho 1.43 1.52 1.66 1.77 1.92 2.02 2.06 2.18 2.34 2.48 2.57 
Lai Chau 1.77 1.90 2.01 2.09 2.38 2.45 2.49 2.64 2.82 2.95 3.08 
Son La 1.44 1.55 1.65 1.74 1.89 1.98 2.04 2.23 2.40 2.55 2.66 
Hoa Binh 1.53 1.62 1.75 1.85 1.97 2.05 2.10 2.20 2.43 2.57 2.66 
North Central and Central Coast 
Thanh Hoa 1.54 1.64 1.77 1.88 2.03 2.13 2.20 2.33 2.48 2.60 2.68 
Nghe An 1.53 1.65 1.78 1.89 2.03 2.13 2.19 2.32 2.48 2.63 2.73 
Ha Tinh 1.70 1.80 1.92 2.02 2.17 2.25 2.33 2.46 2.59 2.73 2.82 
Quang Binh 1.48 1.56 1.68 1.78 1.93 2.02 2.09 2.24 2.41 2.56 2.65 
Quang Tri 1.62 1.73 1.85 1.95 2.10 2.18 2.23 2.39 2.53 2.67 2.77 
Thua Thien Hue 1.24 1.33 1.46 1.56 1.70 1.78 1.83 1.97 2.13 2.27 2.38 
Da Nang 0.94 1.03 1.14 1.23 1.36 1.43 1.47 1.60 1.75 1.90 2.00 
Quang Nam 1.55 1.61 1.72 1.81 1.95 2.04 2.12 2.26 2.42 2.55 2.62 
Quang Ngai 1.62 1.64 1.78 1.88 2.02 2.12 2.19 2.32 2.47 2.61 2.72 
Binh Dinh 1.66 1.76 1.85 2.00 2.16 2.19 2.31 2.39 2.54 2.68 2.76 
Phu Yen 1.60 1.64 1.75 1.88 2.05 2.14 2.19 2.31 2.41 2.56 2.66 
Khanh Hoa 1.19 1.27 1.37 1.49 1.63 1.64 1.79 1.88 2.05 2.20 2.29 
Ninh Thuan 1.47 1.52 1.61 1.77 1.95 1.79 2.07 2.18 2.40 2.57 2.65 
Binh Thuan 1.60 1.67 1.78 1.86 2.03 2.08 2.23 2.38 2.56 2.73 2.86 
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Central Highlands 
Kon Tum 1.55 1.63 1.69 1.79 1.96 2.05 2.09 2.23 2.37 2.50 2.57 
Gia Lai 1.55 1.60 1.71 1.81 1.95 2.04 2.12 2.23 2.39 2.54 2.64 
Dak Lak 1.15 1.23 1.37 1.50 1.70 1.76 1.88 2.01 2.20 2.35 2.46 
Lam Dong 1.12 1.19 1.32 1.44 1.61 1.70 1.75 1.87 2.00 2.15 2.25 
South East 
Binh Phuoc 0.95 1.02 1.17 1.27 1.42 1.51 1.56 1.69 1.85 2.00 2.10 
Tay Ninh 1.53 1.58 1.70 1.81 1.94 1.97 2.01 2.17 2.34 2.49 2.59 
Binh Duong 0.97 1.06 1.17 1.26 1.40 1.46 1.49 1.61 1.75 1.89 1.99 
Dong Nai 0.98 1.07 1.20 1.30 1.46 1.56 1.61 1.73 1.87 2.02 2.11 
Ba Ria - Vung Tau 0.94 1.03 1.14 1.25 1.39 1.48 1.54 1.68 1.83 1.97 2.07 
Ho Chi Minh 0.83 0.92 1.03 1.13 1.27 1.35 1.40 1.53 1.69 1.83 1.94 
Mekong River Delta 
Long An 2.03 2.07 2.17 2.24 2.41 2.50 2.57 2.66 2.89 3.04 3.16 
Tien Giang 1.43 1.52 1.62 1.71 1.85 1.93 1.98 2.11 2.26 2.41 2.52 
Ben Tre 1.11 1.21 1.35 1.44 1.59 1.68 1.75 1.87 2.04 2.20 2.32 
Tra Vinh 1.72 1.83 1.96 2.07 2.23 2.32 2.37 2.49 2.67 2.83 2.94 
Vinh Long 1.54 1.67 1.77 1.87 2.03 2.11 2.14 2.15 2.37 2.52 2.62 
Dong Thap 1.70 1.79 1.95 2.07 2.25 2.37 2.38 2.49 2.69 2.79 2.93 
An Giang 1.59 1.67 1.83 1.97 2.15 2.25 2.24 2.40 2.63 2.76 2.92 
Kien Giang 2.06 2.16 2.33 2.39 2.53 2.66 2.69 2.78 2.98 3.15 3.29 
Can Tho 1.58 1.73 1.88 1.97 1.97 2.05 2.06 2.14 2.32 2.44 2.55 
Soc Trang 1.89 1.91 2.04 2.12 2.16 2.27 2.32 2.45 2.59 2.77 2.92 
Bac Lieu 1.84 1.73 1.80 1.80 1.88 1.98 2.03 2.18 2.35 2.53 2.60 
Ca Mau 1.58 1.29 1.41 1.44 1.66 1.67 1.73 1.88 2.07 2.23 2.30 
 
 
